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PROBLEM TO BE SOLVED: To extract a light response of 
satisfactory magnitude and speed out of a light responsive 
optical element with good reproducibility. 

SOLUTION: Control light is emitted from a light source 1, and 
signal light is emitted from a light source 2. The control light 
and the signal light are converged by a condensing fens 7, then, 
the optical element 8 is irradiated with the light. Only the signal 
light is detected by a photodetector 22 through a 
photoreceiving lens 9 and a wavelength selecting filter 20. The 
transmissivity of the signal light reversibly increases/decreases 
in accordance with the on/off of the control light, then, the 
intensity of the signal light is modified. By setting the numerical 
aperture of the photoreceiving lens 9 substantially smaller than 
that of the condensing lens 7, the light response of satisfactory 
magnitude and speed is pulled out of the light receptive optical 
element 8. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the optical control approach of performing said signal luminous-intensity modulation and/or 
luminous-density modulation which penetrate said optical element by changing reversibly the permeability 
and/or refractive index of signal light in a wavelength band which irradiates control light at the optical 
element which consists of an optical responsibility constituent, and is different from control light So that 
said control light and said signal light are completed respectively, it may irradiate to said optical element 
and the fields where the photon density near [ each ] the focus of said control light and said signal light is 
the highest may overlap mutually in said optical element It is the optical control approach which has 
arranged the optical path of said control light and said signal light, respectively. Furthermore, the optical 
control approach characterized by classifying and taking out the signal light bundle of rays of the field 
which received strongly said intensity modulation and/or a luminous-density modulation among the signal 
light bundle of rayses to emit after penetrating or reflecting said optical element. 

[Claim 2] The optical control approach characterized by making said control light and said signal light 
spread by the same optical path substantially in said optical element in the optical control approach 
according to claim 1 . 

[Claim 3] After setting to claim 1 and the optical control approach given in two and penetrating or reflecting 
said optical element, the signal light bundle of rays to emit is taken out in the include-angle range (angular 
aperture) smaller than the emission include angle of said signal light bundle of rays The optical control 
approach characterized by classifying and taking out the signal light bundle of rays of the field which 
received strongly said intensity modulation and/or a luminous-density modulation. 
[Claim 4] Control light is irradiated at the optical element which consists of an optical responsibility 
constituent. Control light is an optical control unit used for the optical control approach of performing said 
signal luminous- intensity modulation and/or luminous-density modulation which penetrate said optical 
element by making the permeability and/or refractive index of signal light in a different wavelength band 
fluctuating reversibly. So that it may have the convergence means as which said control light and said signal 
light are completed respectively and the fields where the photon density near [ each ] the focus of said 
control light which it converged, and said signal light is the highest may overlap mutually The optical path 
of said control light and said signal light is arranged, respectively. And said optical element It is arranged in 
the location where the fields where the photon density near [ each ] the focus of said control light which it 
converged, and said signal light is the highest overlap mutually. Furthermore, the optical control unit 
characterized by having the means which classifies and takes out the signal light bundle of rays of the field 
which received strongly said intensity modulation and/or a luminous-density modulation among the signal 
light bundle of rayses to emit after penetrating or reflecting said optical element. 

[Claim 5] The optical control unit characterized by using the convergence means of numerical aperture 
smaller than the numerical aperture of the convergence means used when completing said signal light to said 
optical element and carrying out incidence to it as a means which classifies and takes out the signal light 
bundle of rays of the field which received strongly said intensity modulation and/or a luminous-density 
modulation in an optical control unit according to claim 4. 

[Claim 6] The optical control unit characterized by using a diaphragm as a means which classifies and takes 
out the signal light bundle of rays of the field which received strongly said intensity modulation and/or a 
luminous-density modulation in an optical control unit according to claim 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical control approach and the optical control unit 
using the optical element which consists of a useful optical responsibility constituent in the field of 
optoelectronics, such as optical communication and optical information processing, and photonics. 
[0002] 

[Description of the Prior Art] In the field of the optoelectronics which paid its attention to the multiplicity of 
light , and high density nature for the purpose of ultra high-speed signal transduction and processing , and 
photonics , researches and developments of the light and the optical control approach which be going to 
modulate luminous intensity ( amplitude ) or a frequency ( wavelength ) be briskly further using change of 
the permeability and the refractive index which be cause in the optical element which processed and created 
the optical material or the optical constituent by irradiate light , without use an electronic circuitry 
technique . Moreover, when it is going to perform a juxtaposition optical logical operation and an image 
processing taking advantage of the description of light, as for an optical intensity-distribution change etc., 
the "space optical modulator" for performing a certain modulation is very important for the cross section of 
a light beam (bundle of rays), and application of light and the optical control approach is expected also here. 

[0003] As a phenomenon in which the application to light and the optical control approach is expected, 
nonlinear optical effects, such as saturable absorption, nonlinear refraction, and a photorefractive effect, and 
a photochromic phenomenon attract attention widely. 

[0004] On the other hand, the phenomenon of newly causing light absorption in the second different 
wavelength band from the first wavelength band is also known without being accompanied by change of the 
molecular structure, and the molecule excited with the light of the first wavelength band can call this 
"excitation state absorption", "induction absorption", or "transient absorption." 

[0005] As an example which tried application of excitation state absorption, at least two kinds of beams of 
light with which wavelength differs to the solution or solid-state which included the porphyrin system 
compound and the electron acceptor in JP,53-137884,A are irradiated, for example, and the optical 
conversion approach that the information which the beam of light of one wavelength has by this exposure is 
moved to the wavelength of the beam of light of another side is indicated, moreover — JP,55- 100503, A and 
JP,55-1 08603 ,A — the spectrum between the ground states and excitation states of organic compounds, such 
as a porphyrin derivative, — the difference of a spectrum is used and the liquid core mold optical fiber of 
functionality which chooses propagation light corresponding to a time change of excitation light is 
indicated. Moreover, the plastic optical fiber which contains in a core organic compounds, such as a 
porphyrin derivative which has the absorption corresponding to the transition to the triplet state of a high 
order further from the triplet state excited by light, is indicated by JP,63-89805,A. Moreover, after 
irradiating the light of the first wavelength at JP,63-236013,A at the crystal of cyanine dye, such as 
KURIPUTO cyanine, and carrying out optical pumping of the molecule, the light of the second different 
wavelength from the first wavelength is irradiated at said molecule, and an optoelectronic device which 
switches transparency or reflection of the second of the light of wavelength according to the optical- 
pumping condition by the light of the first wavelength is indicated. Moreover, the light of the first and the 
second wavelength is irradiated at the light modulation medium which distributed photoinduced-electron- 
transfer matter, such as a porphyrin derivative, in the matrix material, and a lightwave signal modulation 
medium which carries out light modulation using the difference of the absorption spectrum between the 
excitation states and ground states of a molecule is indicated by JP,64-73326,A. 
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[0006] As a configuration of the optical equipment used with these conventional technique JP,55-1 00503 ,A, 
JP,55-108603,A, And an equipment configuration which twists around the perimeter of the light source (for 
example, flash lamp) of excitation light the optical fiber which propagation light spreads is indicated by 
JP,63-89805,A. Rather, without making JP,53-137884,A and JP,64-73326,A converge the light which is 
equivalent to control light from a direction different from the optical path of signal light on the whole part 
which has spread the light equivalent to the signal light inside an optical responsibility optical element with 
the means of a projector lens etc. An equipment configuration which it is made to emit and is irradiated is 
indicated. 

[0007] However, in the above conventional techniques, since the optical power of high density is needed 
very much in order to cause permeability change or refractive-index change (optical response) of magnitude 
which is sufficient for practical use, or the response to an optical exposure is slow, the present condition is 
that what results in practical use is not yet obtained. 

[0008] These people canceled the technical problem which the above-mentioned conventional technique 
has, and applied for the patent (Japanese Patent Application No. 7-25618) about the optical control approach 
and an optical control unit which pull out the optical response of sufficient magnitude and a rate from the 
optical element of optical responsibility by the lowest possible optical power, and the patent (Japanese 
Patent Application No. 7-58413, 7-58414) about an optical responsibility ingredient. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention solves the above-mentioned technical problem, 
and aims at offering the optical control approach and the optical control unit for obtaining an optical 
response with sufficient repeatability in sufficient magnitude. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical control 
approach concerning invention of this application according to claim 1 In the optical control approach of 
performing said signal luminous-intensity modulation and/or luminous-density modulation which penetrate 
said optical element by changing reversibly the permeability and/or refractive index of signal light in a 
wavelength band which irradiates control light at the optical element which consists of an optical 
responsibility constituent, and is different from control light So that said control light and said signal light 
are completed respectively, it may irradiate to said optical element and the fields where the photon density 
near [ each ] the focus of said control light and said signal light is the highest may overlap mutually in said 
optical element It is the optical control approach which has arranged the optical path of said control light 
and said signal light, respectively. Furthermore, after penetrating or reflecting said optical element, it is 
characterized by classifying and taking out the signal light bundle of rays of the field which received 
strongly said intensity modulation and/or a luminous -density modulation among the signal light bundle of 
rayses to emit. 

[001 1] Moreover, in order to attain the above-mentioned purpose, the optical control approach in connection 
with invention of this application according to claim 2 is characterized by making said control light and said 
signal light spread by the same optical path substantially in said optical element in the optical control 
approach of this application according to claim 1. 

[0012] In order to attain the above-mentioned purpose, moreover, the optical control approach in connection 
with invention of this application according to claim 3 After setting to claim 1 of this application, and the 
optical control approach given in two and penetrating or reflecting said optical element, the signal light 
bundle of rays to emit by taking out in the include-angle range (angular aperture) smaller than the emission 
include angle of said signal light bundle of rays It is characterized by classifying and taking out the signal 
light bundle of rays of the field which received strongly said intensity modulation and/or a luminous-density 
modulation. 

[0013] In this case, since especially the amount of [ of a signal light bundle of rays ] core tends to receive a 
modulation, in order to converge the signal light bundle of rays to emit, when using a light-receiving lens, it 
is usually suitable to make the medial axis of a light-receiving lens in agreement with the medial axis of a 
signal light bundle of rays. 

[0014] In order to attain the above-mentioned purpose, moreover, the optical control unit in connection with 
invention of this application according to claim 4 Control light is irradiated at the optical element which 
consists of an optical responsibility constituent. Control light is an optical control unit used for the optical 
control approach of performing said signal luminous-intensity modulation and/or luminous-density 
modulation which penetrate said optical element by making the permeability and/or refractive index of 
signal light in a different wavelength band fluctuating reversibly. So that it may have the convergence 
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means as which said control light and said signal light are completed respectively and the fields where the 
photon density near [ each ] the focus of said control light which it converged, and said signal light is the 
highest may overlap mutually The optical path of said control light and said signal light is arranged, 
respectively. And said optical element It is arranged in the location where the fields where the photon 
density near [ each ] the focus of said control light which it converged, and said signal light is the highest 
overlap mutually. Furthermore, after penetrating or reflecting said optical element, it is characterized by 
having the means which classifies and takes out the signal light bundle of rays of the field which received 
strongly said intensity modulation and/or a luminous-density modulation among the signal light bundle of 
rayses to emit. 

[0015] In order to attain the above-mentioned purpose, moreover, the optical control unit in connection with 
invention of this application according to claim 5 As a means which classifies and takes out the signal light 
bundle of rays of the field which received strongly said intensity modulation and/or a luminous-density 
modulation in the optical control unit of this application according to claim 4 It is characterized by using the 
convergence means of numerical aperture smaller than the numerical aperture of the convergence means 
used when completing said signal light to said optical element and carrying out incidence to it. 
[0016] Moreover, in order to attain the above-mentioned purpose, the optical control unit in connection with 
invention of this application according to claim 6 is characterized by using a diaphragm in the optical 
control unit of this application according to claim 4 as a means which classifies and takes out the signal light 
bundle of rays of the field which received strongly said intensity modulation and/or a luminous-density 
modulation. 

[0017] [Optical responsibility constituent] When the control light in this invention is irradiated here, well- 
known various things can be used as an optical responsibility constituent used for an optical element to 
which it carries out adjustable [ of the permeability and/or refractive index of signal light in a different 
wavelength band from control light ] reversibly. 

[0018] If the example is given concretely, for example GaAs, GaAsP, GaALAs, The single crystal of 
compound semiconductors, such as InP, InSb, InAs, PbTe, InGaAsP, and ZnSe, what distributed the particle 
of said compound semiconductor into the matrix material, and the metal halogenide (for example, a 
potassium bromide — ) which doped dissimilar metal ion single crystals, such as a sodium chloride, and said 
metal halogenide (for example, a copper bromide — ) What distributed particles, such as a copper chloride 
and a cobalt chloride, into the matrix material, CdS, CdSe, CdSeS which doped dissimilar metal ion, such as 
copper, What distributed the single crystal of cadmium chalcogenide, such as CdSeTe, and the particle of 
said cadmium chalcogenide into the matrix material, Semi-conductor single crystal thin films, such as 
silicon, germanium, a selenium, and a tellurium, A polycrystal thin film thru/or a porosity thin film, silicon, 
germanium, a selenium, The thing, platinum which distributed semi-conductor particles, such as a tellurium, 
into the matrix material, What distributed noble-metals particles, such as gold and palladium, into the matrix 
material, A ruby, alexandrite, a garnet, Nd:YAG, sapphire, Ti : The single crystal equivalent to the jewel 
which doped metal ions, such as sapphire and Nd:YLF, (the so-called laser crystal), The lithium niobate 
which doped the metal ion (for example, iron ion) (LiNb03), LiB 305, LiTa03, KTiOP04, and KH2P04, 
the ferroelectric crystal of KNb03, BaB 202, etc., and a metal ion (for example, neodium ion --) What 
dissolved or distributed coloring matter can be suitably used into a matrix material besides being the quartz 
glass which doped erbium ion etc., soda glass, glass of borosilicate glass and others, etc. 
[0019] Since a matrix material and the selection range of coloring matter are wide and processing to an 
optical element is also easy the range, what dissolved or distributed coloring matter in the matrix material 
also in these can be especially used suitably by this invention. 

[0020] As an example of the coloring matter which can be used by this invention, thoria reel methane 
system coloring matter, such as cyanine dye, such as - diethyl thia carbocyanine iodide, and azo dye, such as 
acridine dyes, such as xanthene dyes, such as Rhodamine B, rhodamine 6G, eosine and Phloxine B, an 
acridine orange, and acridine red, ethyl red, and Methyl Red,, porphyrin system coloring matter, 
phthalocyanine system coloring matter, 3, and 3 '3, 3 ! -diethyl OKISA di carbocyanine iodide, ethyl violet, 
and Victoria blue R, etc. can be used suitably, for example. 

[0021] In this invention, it is independent about these coloring matter, or two or more kinds can be mixed 
and used. 

[0022] The matrix material which can be used by this invention can use the thing of arbitration, if satisfied 
with the wavelength field of the light used with the optical control system of (1) this invention of the 
conditions that the coloring matter or the various particles which are used by that permeability is high and 
(2) this inventions can be dissolved or distributed with sufficient stability, and that the gestalt as (3) optical 
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elements can be kept good [ stability ]. 

[0023] The low-melting-glass ingredient created as a matrix material of an inorganic system with the so- 
called sol gel process besides being the single crystal of a metal halogenide, the single crystal of a metallic 
oxide, the single crystal of metal chalcogenide, quartz glass, soda glass, borosilicate glass, etc., for example 
can be used. 

[0024] Moreover, as a matrix material of an organic system, various organic polymeric materials can be 
used, for example. 

[0025] An approach well-known for dissolving or distributing coloring matter into these MATORIKKUSSU 
ingredients can be used. For example, after dissolving coloring matter and a matrix material into a common 
solvent and mixing, How to form a matrix material, since coloring matter is dissolved or distributed to the 
raw material solution of the inorganic system matrix material manufactured with the approach of 
evaporating a solvent and removing, and a sol gel process, Into the monomer of an organic macromolecule 
system matrix material, a solvent is used if needed. Since coloring matter is dissolved or distributed, this 
monomer A polymerization thru/or the approach of making carry out a polycondensation and forming a 
matrix material, After carrying out precipitate which both coloring matter and a thermoplastic organic 
macromolecule system matrix material trickled coloring matter and the solution which dissolved the organic 
macromolecule system matrix material into the common solvent into the insoluble solvent, and produced it a 
** exception and drying, the approach of heating and melting processing it etc. can be used suitably. 
Although it is known that the special meeting object which is made to condense a coloring matter molecule 
and is called "H meeting object", "J meeting object", etc. with devising the combination and the processing 
approach of coloring matter and a matrix material can be made to form, the coloring matter molecule in a 
matrix material may be used on the conditions which form such a state of aggregation or a meeting 
condition. 

[0026] Moreover, an approach well-known for distributing the aforementioned various particles into these 
MATORIKKUSSU ingredients can be used. Said particle For example, the solution of a matrix material, Or 
the method of removing a solvent, after distributing in the solution of the precursor of a matrix material, 
Since said particle is distributed into the monomer of an organic macromolecule system matrix material if 
needed, this monomer using a solvent as a precursor of a polymerization thru/or the approach of making 
carry out a polycondensation and forming a matrix material, and a particle After dissolving or distributing 
metal salts, such as perchloric acid cadmium and a gold chloride, in an organic macromolecule system 
matrix material, it processes by hydrogen-sulfide gas. For example, the particle of a cadmium sulfide Or the 
approach and chemical vapor deposition which deposit a golden particle in a matrix material, respectively, 
the sputtering method, etc. can be suitably used by heat-treating. 

[0027] In addition, in the range which does not cause trouble to the function, the optical responsibility 
constituent used by this invention may contain an anti-oxidant well-known as an accessory constituent, an 
ultraviolet ray absorbent, a singlet oxygen quencher, a distributed assistant, etc. in order to raise workability 
or to raise the stability and endurance as an optical element. 

[0028] The gestalt of the optical element used by [optical element] this invention can be suitably chosen 
according to the configuration of the optical control device of this invention from the shape of the shape of 
the shape of the shape of the shape of the shape of a thin film, a thick film, tabular, the letter of a block, 
cylindrical, a semicircle column, and the square pole, and the triangle pole, and a convex lens, and a 
concave lens, and a micro-lens array, and a fiber, the shape of a micro channel array, an optical waveguide 
mold, etc. The creation approach of the optical element used by this invention is selected by arbitration 
according to the gestalt of an optical element, and the class of optical response constituent to be used, and a 
well-known approach can be used for it. 

[0029] For example, what is necessary is to carry out coating of the solution which dissolved coloring matter 
and a matrix material for example, on a glass plate by coating methods, such as the applying method, the 
blade coat method, the roll coat method, a spin coat method, a dipping method, and a spray method, or just 
to print by print processes, such as the Taira version, letterpress, an intaglio, a mimeograph, a screen, and an 
imprint, when manufacturing a thin film-like optical element from coloring matter and a matrix material. In 
this case, the inorganic system matrix material creation approach by the sol gel process can also be used. 
[0030] For example, when the organic macromolecule system matrix material to be used is thermoplasticity, 
even if it uses hot pressing (JP,4-99609,A) and the extending method, a thin film thru/or a thick-film-like 
membrane type optical element can be created. 

[003 1 ] When creating the optical element of the shape of the shape of the shape of the shape of the shape of 
tabular, the letter of a block, cylindrical, a semicircle column, and the square pole, and the triangle pole, and 
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a convex lens, and a concave lens, and a micro-lens array, coloring matter can be cast by the casting method 
or the reaction injection mold method using what was dissolved or distributed to the raw material monomer 
of an organic macromolecule system matrix material. Moreover, when using a thermoplastic organic 
macromolecule system matrix material, since heating melting of the pellet or powder which dissolved or 
distributed coloring matter is carried out, you may process it by the injection-molding method. 
[0032] A fiber-like optical element For example, the approach of carrying out melting extension and fiber- 
izing the quartz glass which doped the metal ion, [ whether the thing which made the raw material monomer 
of an organic macromolecule system matrix material dissolve or distribute coloring matter is slushed into 
glass capillary tube tubing, and ] Or the approach of carrying out the polymerization of what was sucked up 
by capillarity, Or after extending the cylinder of the thermoplastic organic macromolecule system matrix 
material which dissolves or distributed coloring matter, and the so-called preforming heating and in the 
shape of yam to temperature higher than glass transition temperature, it can create by the approach of 
cooling etc. 

[0033] Since many optical elements of the shape of a fiber created as mentioned above are bundled and it 
pastes up thru/or processes [ welding ], the optical element of a micro channel array mold can also be 
created by slicing to a thin film integrated circuit thru/or tabular. 

[0034] The optical element of a waveguide mold can be created by the approach of etching the approach of 
carrying out a polymerization, or the thin film-like optical element formed on the substrate, and forming a 
"core" pattern, after slushing the thing which made the raw material monomer of an organic macromolecule 
system matrix material dissolve or distribute coloring matter into the slot created for example, on the 
substrate, and subsequently forming a "clad" by the matrix material which does not contain coloring matter. 
[0035] In the optical control approach and the optical control unit of this invention, control light and signal 
light are completed, respectively. The field where the photon density near [ each ] the focus of said control 
light and said signal light is the highest sets in an optical element. Mutually And overlap, It becomes 
possible to raise remarkably the interaction effectiveness of the photon of the excitation kinds in the optical 
responsibility constituent of said optical element (for example, a coloring matter molecule, a metal ion, etc.), 
said control light, and said signal light. Consequently, it becomes possible to pull out the optical response of 
sufficient magnitude and a rate from the optical element of optical responsibility by low optical power 
compared with the former. 

[0036] After penetrating or reflecting said optical element in coincidence, it becomes possible to obtain 
intensity modulation and/or the signal light by which the luminous-density modulation was carried out with 
sufficient repeatability in sufficient magnitude by classifying and taking out the bundle of rays of the field 
which received strongly said intensity modulation and/or a luminous-density modulation among the bundle 
of rayses of the signal light to emit. 
[0037] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on a 
drawing. 

[0038] [Operation gestalt 1] The outline configuration of the optical control unit of this operation gestalt is 
shown in drawing 1 . Such an optical equipment configuration and arrangement can be suitably used, also 
when using a fiber mold optical element (not shown) besides in the case of using the membrane type optical 
element 8 so that it may illustrate to drawing 1 , and using optical elements, such as an optical waveguide 
mold (not shown) and a micro channel array mold (not shown). 

[0039] Here, the membrane type optical element 8 can be created in the following procedures. Namely, 3, 
3'-diethyl OKISA dicarbocyanine iodide (a trivial name DODCI, exciton company make):23.0mg, and 
polymethacrylic-acid 2-hydroxypropyl of cyanine dye: After carrying out precipitate (coloring matter and 
mixture of a polymer) which deposited in addition the ** exception and washing by n-hexane, having 
dissolved 1977.0 mg in acetone:200ml, and stirring into n-hexane :300ml, it dried under reduced pressure 
and ground. Heating was continued for the mixed powder of the coloring matter and the polymer which 
were obtained for two days at 100 degrees C under the ultra-high vacuum of less than 10 - 5Pa, volatile 
components, such as a residual solvent, were removed completely, and the powder of an optical 
responsibility constituent was obtained. 20mg of this powder was inserted between slide glass (1.150mm in 
25mmx76mmx thickness), and cover glass (0.150mm in 18mmxl8mmx thickness), it heated at 150 degrees 
C under the vacuum, and the film (50 micrometers of thickness) of coloring matter/polymer was created 
between slide glass/cover glass using the approach (vacuum hot pressing) of sticking the glass plate of two 
sheets by pressure. In addition, the coloring matter concentration in coloring matter / polymer film is 2.5x10 
to 2 mol/L, when the consistency of coloring matter / polymer mixture is calculated as 1 .06. 
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[0040] The permeability spectrum of the membrane type optical element created as mentioned above is 
shown in drawing 2 . The permeability of this film was 90.5% on the wavelength (694nm) of signal light 
38.0% in the wavelength (633nm) of control light. 

[0041] The optical control unit of this invention which illustrates an outline to drawing 1 consists of the light 
source 1 of control light, the light source 2 of signal light, ND filter 3, a shutter 4, the transflective mirror 5, 
the photomixing machine 6, a condenser lens 7, the membrane type optical element 8, the light-receiving 
lens 9, a wavelength selection transparency filter 20, photodetectors 1 1 and 22, and an oscilloscope 100. 
Among these optical elements thru/or an optic, the light source 1 of control light, the light source 2 of signal 
light, the photomixing machine 6, a condenser lens 7, the membrane type optical element 8, the light- 
receiving lens 9, and the wavelength selection transparency filter 20 are indispensable equipment 
configuration elements, in order to enforce the optical control approach of this invention by the equipment 
configuration of drawing 1 . In addition, ND filter 3, a shutter 4, and the transflective mirror 5 are formed if 
needed, and although it is unnecessary in order for photodetectors 1 1 and 22 and an oscilloscope 1 00 to 
enforce [ and ] the optical control approach of this invention, they are used as an electronic instrument for 
checking actuation of optical control if needed. 

[0042] Next, the description of each component and actuation are explained. 

[0043] Laser equipment is suitably used for the light source 1 of control light. The oscillation wavelength 
and output are suitably chosen according to the wavelength of the target signal [ approach / of this 
invention / optical / control ] light, and the response characteristic of an optical responsibility constituent to 
be used. There is especially no limit about the method of laser oscillation, and the thing of the format of 
arbitration can be used according to an oscillation wavelength band, an output, economical efficiency, etc. 
Moreover, after carrying out wavelength conversion of the light of the laser light source by the nonlinear 
optical element, you may use it. Specifically, solid state laser, such as gas laser, such as an Ar ion laser 
(oscillation wavelength 457.9 thru/or 514.5nm) and a helium neon laser (633nm), ruby laser, and Nd:YAG 
laser, dye laser, semiconductor laser, etc. can be used suitably. Not only the coherent light from the laser 
light source but non-coherent light can also be used for the light source 2 of signal light. Moreover, by the 
light filter or the monochromator, continuous spectrum light from a tungsten filament lamp besides [ which 
gives the homogeneous light ] the light source, a metal halide lamp, the xenon discharge tubes, etc., such as 
laser equipment, light emitting diode, and the neon discharge tube, may be monochrome-ized, and may be 
used. 

[0044] According to the purpose of use, suitable combination is selected as these combination, and the 
optical responsibility constituent used by the optical control approach of this invention, the wavelength band 
of signal light, and the wavelength band of control light are used. It is a helium neon laser as the light source 
2 of following and signal light as the light source 1 of semiconductor laser (Gaussian beam with a diameter 
[ after the oscillation wavelength of 694nm, the continuous-oscillation output of 3mW, and beam plastic 
surgery ] of about 8mm), and control light. (Gaussian beam with an oscillation wavelength [ of 633nm ], and 
a beam diameter of 2mm) And an operation gestalt is explained about the case where the combination of the 
membrane type optical element 8 which consists of the aforementioned optical responsibility constituent is 
used. 

[0045] Although ND filter 3 is not necessarily required, since the optical reinforcement of control light is 
fluctuated, in examining the optical response engine performance of the optical element used by this 
invention, in order to avoid that the laser light of power high beyond the need carries out incidence to the 
optic which constitutes equipment, or an optical element, it is useful. With this operation gestalt, some kinds 
of ND filters were exchanged and used for the latter purpose. 

[0046] A shutter 4 is not an equipment configuration element indispensable when it is used in order to blink 
this in the shape of a pulse, and enforcing the optical control approach of this invention, when continuous 
wave laser is used as a control light. That is, the light source 1 of control light is the laser which carries out a 
pulse oscillation, and when it is the light source of the format which can control the pulse width and 
oscillation spacing, or when using the laser light by which pulse modulation was beforehand carried out 
with the suitable means as the light source 1 , it is not necessary to form a shutter 4. 

[0047] When using a shutter 4, the actuation rate of the shutter itself is taken into consideration, the thing of 
arbitration can be used as the format, for example, an optical chopper and mechanical shutter, a liquid 
crystal shutter, an optical Kerr effect shutter, a pockels cell, an acoustooptics (AO) modulator, etc. can be 
used, choosing them timely. 

[0048] In this operation gestalt, in examining an operation of the optical control approach of this invention, 
the transflective mirror 5 can be used in order to always estimate the optical reinforcement of control light, 
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and optical split ratio can set it as arbitration. 

[0049] Photodetectors 1 1 and 22 are used in order to detect electrically the situation of change of the optical 
reinforcement by the light and optical control of this invention and to verify it, and in order to examine the 
function of the optical element of this invention. The format of photodetectors 1 1 and 22 is arbitrary, it can 
be chosen timely, and it can use [ the speed of response of the detector itself can be taken into 
consideration ] it, for example, can use a photo-multiplier, a photodiode, a photo transistor, etc. 
[0050] It can act to the others and the A-D converter which are an oscilloscope 100 etc. as the monitor of the 
light-receiving signal of said photodetectors 1 1 and 22 with the combination (not shown) of a computer. 
[0051] In using in order to adjust the optical path of the control light which spreads the inside of said optical 
element and goes, and signal light, and carrying out the optical control approach and the optical control unit 
of this invention, the photomixing machine 6 is one of the important equipment configuration elements. 
Either a polarization beam splitter an unpolarized light beam splitter or a dichroic mirror can be used, and it 
can be set as arbitration also about optical split ratio. 

[0052] A condenser lens 7 is for completing the signal light and control light which were adjusted as a 
convergence means common to signal light and control light so that an optical path might become the same, 
and irradiating to said optical element, and is one of the equipment configuration elements indispensable to 
operation of the optical control approach of this invention, and an optical control unit. About the 
specification of the focal distance of a condenser lens, numerical aperture, an F value, a lens configuration, a 
lens surface coat, etc., the thing of arbitration can be used suitably. 

[0053] With this operation gestalt, the objective lens for microscopes of the scale factor of 40 times, the 
focal distance of 5mm, and numerical aperture 0.65 was used as a condenser lens 7. 
[0054] The light-receiving lens 9 can obtain intensity modulation and/or the signal light by which the 
luminous-density modulation was carried out with sufficient repeatability in sufficient magnitude by 
converging, irradiating to an optical element 8, and using the lens of numerical aperture smaller than the 
numerical aperture of said condenser lens 7, as shown in this operation gestalt although it is a means for 
returning the signal light and control light which have been penetrated to parallel and/or a convergence 
beam. With this operation gestalt, the microscope lens of one 20 times the scale factor of this and numerical 
aperture 0.4 was used as a light-receiving lens 9. Namely, by making numerical aperture of the light- 
receiving lens 9 smaller than the numerical aperture of a condenser lens 7, it becomes possible to classify 
and take out the flux of light of the field which received intensity modulation and/or a luminous-density 
modulation strongly among the flux of lights of signal light, and the signal light which received the 
modulation in sufficient magnitude can be detected now with sufficient repeatability. Of course, even if lens 
numerical aperture is large, it cannot be overemphasized that diaphragm 19 may be put in, or incidence may 
be carried out to a photodetector by the core of the flux of light, and numerical aperture may be substantially 
made small. Moreover, it is also possible to use a concave mirror instead of a condenser lens and a light- 
receiving lens so that it may state later (operation gestalt 4 reference). 

[0055] The wavelength selection transparency filter 20 is one of the indispensable equipment configuration 
elements, in order to enforce the optical control approach of this invention by the equipment configuration 
of drawing 1 , and it is used as one of the means for taking out only signal light from the signal light and 
control light which have spread the same optical path in said optical element. 

[0056] As a means for separating the signal light and control light from which wavelength differs, prism, a 
diffraction grating, a dichroic mirror, etc. can be used for others. 

[0057] As a wavelength selection transparency filter 20 used by the equipment configuration of drawing 1 , 
the light of the wavelength band of control light is intercepted completely, and on the other hand, if it is the 
wavelength selection transparency filter which can penetrate the light of the wavelength band of signal light 
efficiently, the thing of well-known arbitration can be used. For example, plastics and glass which were 
colored with coloring matter, the glass which prepared the dielectric multilayer vacuum evaporationo film in 
the front face can be used. 

[0058] In the optical equipment of drawing 1 which consists of the above components, by adjusting 
permeability, the light beam of the control light by which outgoing radiation was carried out from the light 
source 1 passes ND filter 3 for adjusting transmitted light reinforcement, passes the shutter 4 for 
subsequently to blinking control light in the shape of a pulse, and is divided by the transflective mirror 5. 
[0059] A part of control light divided in the transflective mirror 5 is received by the photodetector 1 1 . Here, 
if putting out lights and the light source 1 are turned on for the light source 2, the relation between the 
optical reinforcement in the light beam exposure location to an optical element 8 and the signal strength of a 
photodetector 1 1 is beforehand measured in the condition of having opened the shutter 4 wide and the 
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calibration curve is created, it will become possible to always estimate the optical reinforcement of the 
control light which carries out incidence to an optical element 8 from the signal strength of a photodetector 
1 1 . With this operation gestalt, the power of the control light which carries out incidence to the membrane 
type optical element 8 was adjusted in 0.5mW thru/or 25mW by ND filter 3. 

[0060] The control light divided and reflected in the transflective mirror 5 passes along the photomixing 
machine 6 and a condenser lens 7, and it converges on an optical element 8 and it is irradiated. After the 
light beam of the control light which passed the membrane type optical element 8 passes the light-receiving 
lens 9, it is intercepted with the wavelength selection transparency filter 20. 

[0061] It is mixed so that the light beam of the signal light by which outgoing radiation was carried out from 
the light source 2 may spread the same optical path as control light with said photomixing vessel 6, it goes 
via a condenser lens 7, the membrane type optical element 8 completes and irradiates, and after the light 
which passed the component passes the diaphragm 19 established if needed after penetrating the light- 
receiving lens 9 and the wavelength selection transparency filter 20, it is received with a photodetector 22. 
[0062] It experimented in optical control using the optical equipment of drawing 1 , and a change on the 
strength [ optical ] as shown in drawing 3 and drawing 4 was observed. In drawing 3 and drawing 4 , 1 1 1 is 
the light-receiving signal of a photodetector 1 1, and 222 and 223 are the light-receiving signals of a 
photodetector 22. The difference in case 223 is obtained with the case where the light-receiving signal 222 
of a photodetector 22 is acquired is as follows. 

[0063] Although incidence of control light and the signal light is converged and carried out to the membrane 
type optical element 8 in equipment arrangement of drawing 1 , if the location (focus Fc) where a 
convergence beam diameter serves as the minimum is set as the place (incidence side of light) near the 
condenser lens 7 of the membrane type optical element 8, the optical response 222 of the direction where 
said signal luminous intensity which penetrated said optical element decreases will be observed. On the 
other hand, if the location (focus Fc) where a convergence beam diameter serves as the minimum is set as 
the place (outgoing radiation side of light) near the light-receiving lens 9 of the membrane type optical 
element 8, the optical response 223 of the direction where the reinforcement to which only said signal light 
which penetrated said optical element is applied increases will be observed. 

[0064] It has not solved about the detail of the device which such an optical response produces, and current 
and the thing which originates in permeability, a refractive index, etc. of the optical responsibility matter 
changing with the exposures of control light although it is under examination wholeheartedly are 
conjectured. 

[0065] Although a change on the strength [ optical ] as experimented in optical control using the optical 
equipment of drawing 1 and shown in drawing 3 and drawing 4 was observed, the detail is as stating below. 
[0066] First, the light beam of control light and the light beam of signal light are Focus Fc in the same field 
of the membrane type optical element 8 interior or near. The optical path from each light source, the 
photomixing machine 6, and the condenser lens 7 were adjusted so that it might connect. In addition, the 
optical element has been arranged to sense in which signal light and control light carry out incidence from 
the cover glass side of said membrane type optical element 8 and which carries out outgoing radiation from 
a slide glass substrate side. Subsequently, the function of the wavelength selection filter 20 was checked. 
That is, where the light source 2 is switched off, when the light source 1 was turned on and a shutter 4 was 
opened and closed, it checked that a response did not arise at all in a photodetector 22. 
[0067] In addition, migration on the membrane type optical element 8 of the convergence beam diameter 
minimum location (focus Fc) was performed by moving the membrane type optical element 8. That is, with 
spacing (d78+d89) of a condenser lens 7 and the light-receiving lens 9 fixed, the distance of the membrane 
type optical element 8 and a condenser lens 7 was changed, and the physical relationship of the focal 
location of the control light which it converged by the same optical path, and signal light, and the membrane 
type optical element 8 was changed, and was performed. 

[0068] It is said focus Fc first. The case where it installs in the condenser lens side of the membrane type 
optical element 8 is described, the wave of control light in this case — the response waveform 222 of the 
signal light to 1 1 1 is shown in drawing 3 . 

[0069] Where a shutter 4 is closed, the light source 1 of control light is turned on, and subsequently it is time 
of day tl . When it set, the light source 2 was turned on and signal light was irradiated to the optical element 
8, the signal strength of a photodetector 22 increased from level C to level A. 

[0070] Time of day t2 It set and the shutter 4 was opened wide, and when control light was converged and 
irradiated to the same optical path as the signal light of the optical element 8 interior having spread, the 
signal strength of a photodetector 22 decreased from level A to level B. The response time of this change 
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was less than 2 microseconds. 

[0071] Time of day t3 When it set, the shutter 4 was closed and the control light exposure to an optical 
element was stopped, the signal strength of a photodetector 22 returned to level A from level B. The 
response time of this change was less than 3 microseconds. 

[0072] Time of day t4 It sets, a shutter 4 is opened wide and, subsequently it is time of day t5. When set and 
closed, the signal strength of a photodetector 22 decreased from level A to level B, and, subsequently 
returned to level A. 

[0073] Time of day t6 When it set and the light source 2 was switched off, the output of a photodetector 22 
declined and returned to level C. 

[0074] Subsequently, said focus Fc The case where it installs in the light-receiving lens side of the 
membrane type optical element 8 is described, the wave of control light in this case — the response 
waveform 223 of the signal light to 1 1 1 is shown in drawing 4 . 

[0075] Where a shutter 4 is closed, the light source 1 of control light is turned on, and subsequently it is time 
of day tl . When it set, the light source 2 was turned on and signal light was irradiated to the optical element 
8, the signal strength of a photodetector 22 increased from level C to level A. 

[0076] Time of day t2 It set and the shutter 4 was opened wide, and when control light was converged and 
irradiated to the same optical path as the signal light of the optical element 8 interior having spread, the 
signal strength of a photodetector 22 increased from level A to level D. The response time of this change 
was less than 2 microseconds. 

[0077] Time of day t3 When it set, the shutter 4 was closed and the control light exposure to an optical 
element was stopped, the signal strength of a photodetector 22 returned to level A from level D. The 
response time of this change was less than 3 microseconds. 

[0078] Time of day t4 It sets, a shutter 4 is opened wide and, subsequently it is time of day t5. When set and 
closed, the signal strength of a photodetector 22 increased from level A to level D, and, subsequently 
returned to level A. 

[0079] Time of day t6 When it set and the light source 2 was switched off, the output of a photodetector 22 
declined and returned to level C. 

[0080] When were collected above and time amount change of the optical reinforcement expressed with a 
wave as shows control light to 1 1 1 of drawing 3 or drawing 4 was given and irradiated to the membrane 
type optical element 8, the output wave of the photodetector 22 in which it acts as the monitor of the optical 
reinforcement of signal light, and it is shown changed reversibly corresponding to time amount change of 
the optical reinforcement of control light, as shown in 223 of 222 or drawing 4 of drawing 3 . That is, it was 
checked controlling transparency of signal light by increase and decrease or intermittence of control light of 
optical reinforcement (light and optical control), i.e., controlling light by light, or that light can be 
modulated with light (light and light modulation). 

[0081] In addition, extent of change of the optical reinforcement of the signal light corresponding to 
intermittence of the light of control is value deltaT [unit %] defined below using the output levels A, B, and 
C of the aforementioned photodetector 22, or value deltaT 1 [unit %] defined below using A, C, and D. 
[Equation 1] 

deltaT = 100 [(A-B)/(A-C)] 
[Equation 2] 

deltaT'=l 00[(D-A)/(A-C)] 

It can compare "Be alike" quantitatively. The output level of the photodetector 22 when the output level of 
the photodetector 22 at the time of turning on the light source 2 of signal light here after A had intercepted 
control light, and B and D irradiate signal light and control light at coincidence, and C are the output levels 
of the photodetector 22 in the condition of having switched off the light source 2 of signal light. 
[0082] In the upper example, when incidence power of control light was set to 20mW, the membrane type 
optical element 8 was moved and the sense and magnitude of an optical response of signal light were 
investigated, the maximum of magnitude deltaT of a response of the sense which, as for the maximum of 
magnitude deltaT of a response of the sense to which signal light reinforcement decreases, the signal light 
reinforcement of 80% and appearance increases was 40%. 

[0083] By changing the physical relationship of the location (focus Fc) where a convergence beam diameter 
serves as the minimum as mentioned above, and the membrane type optical element 8, the sense of an 
optical response of signal light can be reversed and the response of the direction where the reinforcement to 
which only signal light is applied decreases, or the increasing direction can be obtained. 
[0084] In order to investigate the device which such an optical response change produces, change of the 
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optical intensity distribution in the signal light beam cross section which happens when optical control is 
performed was measured. Namely, the light-receiving lens 9 is changed into the thing of bigger numerical 
aperture (for example, 0.75) than the numerical aperture (it is 0.65 in the case of this operation gestalt) of a 
condenser lens 7 in the equipment of drawing 1 . The optical intensity-distribution measuring instrument 
was installed instead of the photodetector 22, all the bundle of rayses that penetrated the membrane type 
optical element 8 were received and completed with the light-receiving lens 9, incidence was carried out to 
the light sensing portion 3 1 (effective diameter of 4mm) of said optical intensity-distribution measuring 
instrument, and the optical intensity distribution of a signal light bundle-of-rays cross section were 
measured. A measurement result is shown in drawing 8 , and 9 and 10. As an optical intensity-distribution 
measuring instrument is shown in drawing 5 , the first slit 32 with a width of face of 1mm is formed to a 
light sensing portion 3 1 (effective diameter of 4mm) here. It is equipment which move the second slit 33 
with a width of face of 25 micrometers to the sense of Point X to the point Y with constant speed in the die- 
length direction of the first slit, i.e., drawing 5 , and the luminous intensity which passed the aperture of the 
rectangle which is lmmx25micrometer which the slit of two sheets makes is made to correspond to the 
migration location of said aperture, and is measured. What is necessary is just to record the output of the 
detector which received the light which passed said aperture on the storage oscilloscope synchronized with 
the passing speed of the second slit 33, in order to make it correspond to the migration location of said 
aperture and to measure optical reinforcement. Drawing 8 -10 show the optical intensity distribution about 
the light beam cross section of the signal light recorded on the storage oscilloscope as mentioned above, an 
axis of abscissa (location in a light beam cross section) corresponds to the location of the direction of Point 
X to the point Y of drawing 5 , and an axis of ordinate expresses optical reinforcement. 
[0085] Drawing 8 is the optical intensity distribution of said signal light beam cross section when control 
light does not carry out incidence to the membrane type optical element 8 but only signal light carries out 
incidence. The optical intensity distribution in this case are distribution (in general "Gaussian distribution") 
in which reinforcement becomes weaker as the reinforcement for a core is strong and goes on the outskirts. 
[0086] Drawing 9 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 222 of the sense to which apparent signal light 
reinforcement decreases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
the minimum as the place (incidence side of light) near the condenser lens 7 of the membrane type optical 
element 8 and irradiates control light. The optical reinforcement for a core of the optical intensity 
distribution in this case is weak, and they are the distribution to which optical reinforcement increases on the 
outskirts. When another view is carried out, it turns out that it is equivalent to what removed the pencil of 
light rays near a beam core from the pencil of light rays of optical intensity distribution like drawing 8 when 
not irradiating control light. Zero are approached as the optical reinforcement of the core of a signal light 
beam cross section decreases depending on the physical relationship of control light reinforcement and the 
membrane type optical element 8, and a focus and its control light reinforcement increases. Therefore, if 
only a part for the core of a signal light beam is taken out in this case and apparent signal light 
reinforcement is measured, corresponding to intermittence of control light, the optical response 222 of the 
sense to which signal luminous intensity decreases can be taken out in sufficient magnitude. 
[0087] Drawing 10 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 223 of the sense to which apparent signal light 
reinforcement increases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
the minimum as the place (outgoing radiation side of light) near the light-receiving lens 9 of the membrane 
type optical element 8 and irradiates control light. In this case, the optical reinforcement for a core is 
stronger than the optical reinforcement for a core when not irradiating control light ( drawing 8 ). In this 
case, although the optical reinforcement of the core of a signal light beam cross section depends for control 
light reinforcement and the membrane type optical element 8 on the relation of a focal location, it reaches 
also several times at the time of a control **** exposure. Therefore, if only a part for the core of a signal 
light beam is taken out in this case and apparent signal light reinforcement is measured, corresponding to 
intermittence of control light, the optical response 223 of the sense to which signal luminous intensity 
increases can be taken out in sufficient magnitude. 

[0088] The optical intensity modulation (optical response) of the signal light by intermittence of control 
light is the core of a signal light beam (flux of light) cross section, and the above experiment shows having 
occurred greatly especially. Therefore, when numerical aperture of the light-receiving lens 9 is made larger 
than the numerical aperture of a condenser lens 7, it supplements with all the signal light that penetrated the 
optical element 8 contrary to the main point of this invention and light is received with a photodetector, the 
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optical response detected will become remarkably small compared with the case of this invention. 
Moreover, noise components other than the part which received the light modulation by control light in the 
photodetector will be incorporated, and a S/N ratio will get remarkably bad. 

[0089] In addition, drawing 1 1 , and 12 and 13 are the optical intensity distributions of the signal light beam 
cross section at the time of setting the numerical aperture of 0.65 and the light-receiving lens 9 to 0.4 for the 
numerical aperture of a condenser lens 7. When only signal light carries out incidence of drawing 1 1 to the 
membrane type optical element 8 and drawing 12 sets the location (focus Fc) where a convergence beam 
diameter serves as the minimum as the place (incidence side of light) near the condenser lens 7 of the 
membrane type optical element 8, Drawing 13 is each optical intensity distribution of said signal light at the 
time of setting the location (focus Fc) where a convergence beam diameter serves as the minimum as the 
place (outgoing radiation side of light) near the light-receiving lens 9 of the membrane type optical element 
8. 

[0090] [Operation gestalt 2] In order to enlarge an optical response in the optical control light method and 
the optical control unit of this invention, complete respectively said control light and said signal light, and it 
irradiates to said optical element. And although what is necessary is just to arrange the optical path of said 
control light and said signal light, respectively so that the fields where the photon density near each focus of 
said control light and said signal light is the highest may overlap mutually in said optical element It is 
desirable to make signal light and control light spread by the same optical path substantially for that 
purpose. In addition, focus Fc at the time of making it converge by aperture angle 2theta with a condenser 
lens 7 etc., when it is the Gaussian beam from which the amplitude distribution of the electric field of said 
control light and said signal light is Gaussian distribution The situation of the bundle of rays in near and a 
wave front 30 is shown in drawing 6 . Here, it is 0 the diameter of 2omega of the Gaussian beam of 
wavelength lambda. The location omega 0 which becomes min, i.e., the radius of a beam waist, It is 
expressed with the following formula. 
[0091] 

[Equation 3] omega 0 = lambda/(pi-theta) 

For example, the radius of a beam waist when the radius of the beam waist when converging control light 
with a wavelength [ of 633nm ] and a beam diameter of 1mm converges similarly 2.02 micrometers of 
signal light with a wavelength [ of 694nm ] and a beam diameter of 8mm with the condenser lens (the focal 
distance of 5mm, numerical aperture 0.65) used with the operation gestalt 1 is calculated with 0.327 
micrometers (almost diffraction limitation). 

[0092] As shown in drawing 7 , that signal light and control light can consider "It is the same optical path 
substantially" has the mutually parallel optical axis of :1 control light which is the following cases, and 
signal light. In the optical path L02 (radius r2) of control light, for example, a cross section, the optical path 
of signal light, For example, when a cross section L+l, L01, or L-l (radius rl ;rl <=r2) laps and spreads, 2) 
The optical axis of control light and signal light is mutually parallel. In the optical path L02 (radius r2) of 
signal light, for example, a cross section, the optical path of control light, For example, when a cross section 
L+l, L01, or L-l (radius rl ;rl <=r2) laps and spreads, 3) When the opticals axis of control light and signal 
light are parallel (the distance 1+1 between opticals axis, 1-1, or 1+1+1-1) mutually and the optical path of 
control light also of either a cross section L+l, L01 or L-l and the optical path of signal light is either a 
cross section L+l, L01 or L-l. 

[0093] The data of Table 1 are set to the equipment of the operation gestalt 1 as an example. As a condenser 
lens 7 The objective lens for microscopes of numerical aperture 0.65 is used. As a light-receiving lens 9 The 
location (focus) where a convergence beam diameter serves as the minimum is set as the place (incidence 
side of light) near the condenser lens 7 of the membrane type optical element 8 using the lens for 
microscopes of a numerical aperture 0.4. Under the condition on which the optical response 222 of the 
direction where said signal light which penetrated said optical element decreases is observed, The optical 
path of signal light is fixed to a cross section L02 (diameter of 8mm). The optical path (optical axis) of the 
control light of a cross section L+l, L01, or L-l (diameter of 1mm) as the distance 1+1 between opticals 
axis, or 1-1 0.9 thru/or the case where 1 .2mm parallel displacement is carried out, Change of magnitude 
deltaT of signal light and an optical response is shown. Although an optical response when the optical axis 
of signal light and control light is completely in agreement is max, even if the distance 1+1 between opticals 
axis or 1-1 shifts about **0.6mm, magnitude deltaT of an optical response changes about seven points. 
[0094] Namely, the optical path of said control light and said signal light is arranged, respectively so that the 
fields (beam waist) where the photon density near each focus of the signal light which it converged, and 
control light is the highest may overlap mutually in said optical element. When the optical path of that said 
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optical response becomes max when piling of these fields becomes max (i.e., when the optical axis of said 
control light and said signal light is completely in agreement), said control light, and said signal light was 
substantially the same, it turned out that an optical, sufficiently big response is obtained. 
[0095] 
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[Operation gestalt 3] As cyanine dye, instead of DODCI, 1, the 1 '-diethyl -2, and 2'-carbocyanine iodide 
(Aldrich make) were used, and also the membrane type optical element 8 was created with the same 
procedure as the approach of a publication in the operation gestalt 1 . The permeability of this film was 
88.5% on the wavelength (694nm) of signal light 0. 18% in the wavelength (633nm) of control light. 
[0096] This membrane type optical element was attached in the same optical control device as the case of 
the operation gestalt 1 ( drawing 1 ), and the sense and magnitude of an optical response of signal light 
corresponding to intermittence of control light were investigated, changing the physical relationship of the 
location (focus Fc) where the convergence beam diameter of control light and signal light serves as the 
minimum, and the membrane type optical element 8. As a condenser lens 7, however, the lens for 
microscopes of one 20 times the scale factor of this, and numerical aperture 0.4 Spacing (d78+d89) of a 
condenser lens 7 and the light-receiving lens 9 has been fixed using the objective lens for microscopes of 
one 10 times the scale factor of this, and numerical aperture 0.3 as a light-receiving lens 9. The distance of 
the membrane type optical element 8 and a condenser lens 7 was changed, and the physical relationship of 
the focal location of the control light which it converged by the same optical path, and signal light, and the 
membrane type optical element 8 was changed, and was performed. 

[0097] The maximum of magnitude deltaT' of a response of the sense from which apparent signal light 

reinforcement increases the maximum of magnitude deltaT of a response of the sense to which signal light 

reinforcement decreases by 91% was 48% at the time of incidence power 1 3mW of control light. 

[0098] [Operation gestalt 4] The outline configuration of the optical control unit of this operation gestalt is 

shown in drawing 14 . Such an optical equipment configuration and arrangement can be suitably used, also 

when using optical elements other than the membrane type optical element 8 which is illustrated to drawing 

14 , such as a fiber mold, an optical waveguide mold, and a micro channel array mold. 

[0099] About the light sources 1 and 2, ND filter 3, a shutter 4, photodetectors 1 1 and 22, the membrane 

type optical element 8, the wavelength selection filter 20, and the oscilloscope 100, the same thing as the 

operation gestalt 1 ( drawing 1 ) was used similarly. 

[0100] By using a dichroic mirror 21 by arrangement as shown in drawing 14 , while dividing control light 
and acting as the monitor of the optical reinforcement with a photodetector 1 1, the optical path of control 
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light and signal light can be piled up, and the required photomixing machine 6 can be omitted by 
arrangement of drawing 1 . However, in arrangement of drawing 7 , in order to complement wavelength 
selection transparency and reflection of a dichroic mirror 21, it is desirable to form the wavelength selection 
transparency filter 10 which signal light is intercepted [ filter ] completely and makes only control light 
penetrate in front of a photodetector 1 1 . Moreover, in order to avoid that signal light and/or control light 
have a bad influence on return and light equipment to the light sources 1 and 2, optical isolators 13 and 14 
may be formed before the light sources 1 and 2 if needed, respectively. 

[0101] As an optical convergence means at the time of completing the signal light and control light which 
made the optical path in agreement together, and irradiating to the membrane type optical element 8, 
concave mirrors 1 5 and 1 6 can be used in arrangement like drawing 14 instead of a condenser lens 7 and the 
light-receiving lens 9. Although the problem that a focal distance changes with wavelength strictly arises 
when using a lens as a convergence means common to signal light and control light, the worries do not exist 
at a concave mirror. 

[0102] The following approaches are employable in order to classify and take out the signal light bundle of 
rays of the field which received strongly said intensity modulation and/or a luminous-density modulation 
among the signal light bundle of rayses to emit, after setting to the optical control unit of this invention 
which is illustrated to drawing 14 and penetrating or reflecting said optical element. 
[0103] (1) How to extract before a photodetector 22 and to prepare 19. 

[0104] (2) How to make angular aperture of the concave mirror 16 by the side of light-receiving smaller 
than the angular aperture of the concave mirror 15 by the side of an exposure. 

[0105] (3) How to make small angular aperture of the concave mirror 16 by the side of light-receiving, to 
extract before a photodetector 22 further, and to prepare 19 rather than the angular aperture of the concave 
mirror 15 by the side of an exposure. 

[0106] In the optical control unit of this invention which is illustrated to drawing 14 , indispensable 
equipment configuration elements are the light sources 1 and 2, a dichroic mirror 21, the wavelength 
selection transparency filter 20, concave mirrors 15 and 16, and the membrane type optical element 8. In 
addition, the beam splitter of polarization or unpolarized light can also be used instead of the dichroic mirror 

21 in drawing 14 . 

[0 1 07] As a procedure in case equipment as shows the optical control approach of this invention to drawin g 
14 performs First, the optical path of control light (light source 1) and signal light (light source 2) is in 
agreement, and it is the common focus Fc. It adjusts so that an optical element 8 may be arranged in a 
location (beam waist). Subsequently In order to check the function of a dichroic mirror 21 and the 
wavelength selection transparency filters 10 and 20, When only there being no response in a photodetector 

22 when the light sources' 1 and 2 are turned on by turns and only the light source's 1 is turned on (shutter 4 
disconnection), and the light source 2 were turned on, it checked that there was no response in a 
photodetector 1 1 . 

[0108] Hereafter, like the case of the operation gestalt 1, the light and the optical control approach using said 
membrane type optical element 8 were enforced, and the experimental result equivalent to the case of the 
operation gestalt 1 was obtained. 
[0109] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to the optical control 
approach and the optical control unit of this invention, it becomes realizable by making laser light in a 
visible region into control light to modulate efficiently the signal light in a near infrared ray field in 
practically sufficient speed of response with very simple optical equipment, for example, without using an 
electronic circuitry etc. entirely. 

[Translation done.] 
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[Drawing 6] 
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[Drawing 5 ] 
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[Drawing 8] 
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WRITTEN AMENDMENT 



[ a procedure revision] 

[Filing Date] September 1 1, Heisei 8 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 3 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 3] In the optical control approach according to claim 1 or 2, 

After penetrating or reflecting said optical element, the signal light bundle of rays to emit is taken out in the 
include-angle range (angular aperture) smaller than the emission include angle of said signal light bundle of 
rays, 

The optical control approach characterized by classifying and taking out the signal light bundle of rays of 

the field which received strongly said intensity modulation and/or a luminous-density modulation. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0086 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0086] Drawing 9 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 222 of the sense to which apparent signal light 
reinforcement decreases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
the minimum as the place (incidence side of light) near the condenser lens 7 of the membrane type optical 
element 8 and irradiates control light. The optical reinforcement for a core of the optical intensity 
distribution in this case is weak, and they are the distribution to which optical reinforcement increases on the 
outskirts. Zero are approached as the optical reinforcement of the core of a signal light beam cross section 
decreases depending on the physical relationship of control light reinforcement and the membrane type 
optical element 8, and a focus and its control light reinforcement increases. Therefore, if only a part for the 
core of a signal light beam is taken out in this case and apparent signal light reinforcement is measured, 
corresponding to intermittence of control light, the optical response 222 of the sense to which signal 
luminous intensity decreases can be taken out in sufficient magnitude. 

[a procedure revision] 

[Filing Date] September 12, Heisei 8 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0008 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0008] These people canceled the technical problem which the above-mentioned conventional technique 
has, and applied for the patent (Japanese Patent Application No. No. 25618 [ seven to ]) about the optical 
control approach and an optical control unit which pull out the optical response of sufficient magnitude and 
a rate from the optical element of optical responsibility by the lowest possible optical power, and the patent 
(Japanese Patent Application No. No. 58413 [ seven to ], No. 58414 [ seven to ]) about an optical 
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responsibility ingredient. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0025 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0025] An approach well-known for dissolving or distributing coloring matter into these matrix materials 
can be used. For example, after dissolving coloring matter and a matrix material into a common solvent and 
mixing, How to form a matrix material, since coloring matter is dissolved or distributed to the raw material 
solution of the inorganic system matrix material manufactured with the approach of evaporating a solvent 
and removing, and a sol gel process, Into the monomer of an organic macromolecule system matrix 
material, a solvent is used if needed. Since coloring matter is dissolved or distributed, this monomer A 
polymerization thru/or the approach of making carry out a polycondensation and forming a matrix material, 
After carrying out precipitate which both coloring matter and a thermoplastic organic macromolecule 
system matrix material trickled coloring matter and the solution which dissolved the organic macromolecule 
system matrix material into the common solvent into the insoluble solvent, and produced it a ** exception 
and drying, the approach of heating and melting processing it etc. can be used suitably. Although it is known 
that the special meeting object which is made to condense a coloring matter molecule and is called "H 
meeting object", "J meeting object", etc. with devising the combination and the processing approach of 
coloring matter and a matrix material can be made to form, the coloring matter molecule in a matrix material 
may be used on the conditions which form such a state of aggregation or a meeting condition. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0026 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0026] Moreover, an approach well-known for distributing the aforementioned various particles into these 
matrix materials can be used. Said particle For example, the solution of a matrix material, Or the method of 
removing a solvent, after distributing in the solution of the precursor of a matrix material, Since said particle 
is distributed into the monomer of an organic macromolecule system matrix material if needed, this 
monomer using a solvent as a precursor of a polymerization thru/or the approach of making carry out a 
polycondensation and forming a matrix material, and a particle After dissolving or distributing metal salts, 
such as perchloric acid cadmium and a gold chloride, in an organic macromolecule system matrix material, 
it processes by hydrogen-sulfide gas. For example, the particle of a cadmium sulfide Or the approach and 
chemical vapor deposition which deposit a golden particle in a matrix material, respectively, the sputtering 
method, etc. can be suitably used by heat-treating. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0035 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0035] In the optical control approach and the optical control unit of this invention, control light and signal 
light are completed, respectively. The field where the photon density near [ each ] the focus of said control 
light and said signal light is the highest sets in an optical element. Mutually And overlap, It becomes 
possible to raise remarkably the interaction effectiveness of the photon of the excitation kinds in the optical 
responsibility constituent of said optical element (for example, a coloring matter molecule, a metal ion, etc.), 
said control light, and said signal light. Consequently, it becomes possible to pull out the optical response of 
sufficient magnitude and a rate from the optical element of optical responsibility by low optical power 
compared with the former. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0063 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0063] Although incidence of control light and the signal light is converged and carried out to the membrane 
type optical element 8 in equipment arrangement of drawing 1 , if the location (focus Fc) where a 
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convergence beam diameter serves as min is set as the place (incidence side of light) near the condenser lens 
7 of the membrane type optical element 8, the optical response 222 of the direction where said signal 
luminous intensity which penetrated said optical element decreases will be observed. On the other hand, if 
the location (focus Fc) where a convergence beam diameter serves as min is set as the place (outgoing 
radiation side of light) near the light-receiving lens 9 of the membrane type optical element 8, the optical 
response 223 of the direction where the reinforcement of the appearance of said signal light which 
penetrated said optical element increases will be observed. 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0067 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0067] In addition, migration on the membrane type optical element 8 of the convergence beam diameter 

minimum location (focus Fc) was performed by moving the membrane type optical element 8. That is, with 

spacing (d78+d89) of a condenser lens 7 and the light-receiving lens 9 fixed, the distance of the membrane 

type optical element 8 and a condenser lens 7 was changed, and the physical relationship of the focal 

location of the control light which it converged by the same optical path, and signal light, and the membrane 

type optical element 8 was changed, and was performed. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0083 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0083] By changing the physical relationship of the location (focus Fc) where a convergence beam diameter 

serves as min as mentioned above, and the membrane type optical element 8, the sense of an optical 

response of signal light can be reversed and the response of the direction where the reinforcement of the 

appearance of signal light decreases, or the increasing direction can be obtained. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0086 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0086] Drawing 9 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 222 of the sense to which apparent signal light 
reinforcement decreases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
min as the place (incidence side of light) near the condenser lens 7 of the membrane type optical element 8 
and irradiates control light. The optical reinforcement for a core of the optical intensity distribution in this 
case is weak, and they are the distribution to which optical reinforcement increases on the outskirts. Zero are 
approached as the optical reinforcement of the core of a signal light beam cross section decreases depending 
on the physical relationship of control light reinforcement and the membrane type optical element 8, and a 
focus and its control light reinforcement increases. Therefore, if only a part for the core of a signal light 
beam is taken out in this case and apparent signal light reinforcement is measured, corresponding to 
intermittence of control light, the optical response 222 of the sense to which signal luminous intensity 
decreases can be taken out in sufficient magnitude. 
[Procedure amendment 9] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0087 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0087] Drawing 10 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 223 of the sense to which apparent signal light 
reinforcement increases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
min as the place (outgoing radiation side of light) near the light-receiving lens 9 of the membrane type 
optical element 8 and irradiates control light. In this case, the optical reinforcement for a core is stronger 
than the optical reinforcement for a core when not irradiating control light ( drawing 8 ). In this case, 
although the optical reinforcement of the core of a signal light beam cross section depends for control light 
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reinforcement and the membrane type optical element 8 on the relation of a focal location, it reaches also 

several times at the time of a control **** exposure. Therefore, if only a part for the core of a signal light 

beam is taken out in this case and apparent signal light reinforcement is measured, corresponding to 

intermittence of control light, the optical response 223 of the sense to which signal luminous intensity 

increases can be taken out in sufficient magnitude. 

[Procedure amendment 10] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0089 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0089] In addition, drawing 1 1 , and 1 2 and 1 3 are the optical intensity distributions of the signal light beam 
cross section at the time of setting the numerical aperture of 0.65 and the light-receiving lens 9 to 0.4 for the 
numerical aperture of a condenser lens 7. When only signal light carries out incidence of drawing 1 1 to the 
membrane type optical element 8 and drawing 12 sets the location (focus Fc) where a convergence beam 
diameter serves as min as the place (incidence side of light) near the condenser lens 7 of the membrane type 
optical element 8, Drawing 13 is each optical intensity distribution of said signal light at the time of setting 
the location (focus Fc) where a convergence beam diameter serves as the minimum as the place (outgoing 
radiation side of light) near the light-receiving lens 9 of the membrane type optical element 8. 
[Procedure amendment 11] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0093 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0093] The data of Table 1 are set to the equipment of the operation gestalt 1 as an example. As a condenser 
lens 7 The objective lens for microscopes of numerical aperture 0.65 is used. As a light-receiving lens 9 The 
location (focus) where a convergence beam diameter serves as min is set as the place (incidence side of 
light) near the condenser lens 7 of the membrane type optical element 8 using the lens for microscopes of a 
numerical aperture 0.4. Under the condition on which the optical response 222 of the direction where said 
signal light which penetrated said optical element decreases is observed, The optical path of signal light is 
fixed to a cross section L02 (diameter of 8mm). The optical path (optical axis) of the control light of a cross 
section L+l, L01, or L-l (diameter of 1mm) as the distance 1+1 between opticals axis, or 1-1 0.9 thru/or the 
case where 1.2mm parallel displacement is carried out, Change of magnitude deltaT of signal light and an 
optical response is shown. Although an optical response when the optical axis of signal light and control 
light is completely in agreement is max, even if the distance 1+1 between opticals axis or 1-1 shifts about 
**0.6mm, magnitude deltaT of an optical response changes about seven points. 
[Procedure amendment 12] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0094 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0094] Namely, the optical path of said control light and said signal light is arranged, respectively so that the 

fields (beam waist) where the photon density near each focus of the signal light which it converged, and 

control light is the highest may overlap mutually in said optical element. When the optical path of that said 

optical response becomes max when the overlap of these fields becomes max (i.e., when the optical axis of 

said control light and said signal light is completely in agreement), said control light, and said signal light 

was substantially the same, it turned out that an optical, sufficiently big response is obtained. 

[Procedure amendment 13] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0096 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0096] This membrane type optical element was attached in the same optical control device as the case of 
the operation gestalt 1 ( drawing 1 ), and the sense and magnitude of an optical response of signal light 
corresponding to intermittence of control light were investigated, changing the physical relationship of the 
location (focus Fc) where the convergence beam diameter of control light and signal light serves as min, and 
the membrane type optical element 8. As a condenser lens 7, however, the lens for microscopes of one 20 
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times the scale factor of this, and numerical aperture 0.4 Spacing (d78+d89) of a condenser lens 7 and the 
light-receiving lens 9 has been fixed using the objective lens for microscopes of one 10 times the scale 
factor of this, and numerical aperture 0.3 as a light-receiving lens 9. The distance of the membrane type 
optical element 8 and a condenser lens 7 was changed, and the physical relationship of the focal location of 
the control light which it converged by the same optical path, and signal light, and the membrane type 
optical element 8 was changed, and was performed. 



[Translation done.] 
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[0 0 0 6] C;ft*ft3l5ftffiTm^*lTO&3fe*F:&B 
LTIi. IfggBg 5 5 - 1 O 0 5 0 3-SH*fg. <f# 
HUBS 5 5- 1 O 8 6 0 3t'A fc«fcimBf!HB 6 3-8 

9 8 0 5^'6mznmmit<Dmi§Tr$>ftz>T'(/t-z® 

jgjteOjtei! '(fll*.!*?^ -v->3.7>^) ©J§ffll::#£-3 
lt££5fcgg«i£*<^£;KT;fcy. ftg?!Bg5 3-1 

3 7 8 8 4-^^fcJ:i;!f#ggaS6 4-7 3 3 2 6-SH*$g 

<E «!: ©^Sl- «fc -o r SSifc * 1± T fig It* & «fc 5 feSS*J« 

[0007] u*uttft<&. jy.i©«fcaft«6*aa5r=fc 

Kfl: *ll^ec-Tfc«)l=l4#«l=:JSffia<0* 
[0008] *uiBaAi*, ±Ett*&fsa>*-*-«HU£ 

aflE0)*JC**all6a»tt(D*qt*^6 5IWrJ:5ftft 

56 18) fcJ:t/3tlSStt«»lc|»r*^St ««¥7 
-5841 3, 7-5841 4) £ffiSLfc„ 
[0 0 0 9] 

[^BJA<pa4Lcfc5«!:-r-SPe] *SEIS1I*. ±EPS£ 

S. 
[0 0 10] 

l=. lE«©*Wf::«4*M»*Sfcl*. 5fe 

3tttl*J|JSi:*ajHIW*l=**«**a)aill*feJ:tf/* 
fcliSSrm ^ $ 1* £> c i: Iz «fc y S5IH3fe^fH 



fl>**«fttf*fc*l*«**<WE***T«t"l=fcl*-C£ 
lM=Sft y £ 5 ck 5 ic. BUEftJiSPjtefc «fc tffiJEfg^afe© 

3fett*©3%. ll&ES££iBa3<fctf/*fcl*3fc5ii&g£ 

[00 11] £fc s ±EBW*aMW*fcftl::. #H<D 
R**2EIEaaHI=Hfe«%ttHB#&tt. 
Jg 1 E«a>3fcW»**l=*il.*T. miH*J»3t33J:l/IfriH 
«#**TOE***^+l=fcl*T»ltMI=H-*Htt»e 

[OO 1 2] £fc. -tS5SW£iHS-r-5>fcftl=:. *H0> 
»*flI3ett©«SWI=«t5*3llt1MW*ai*. enrols* 
411 fc«fctf2 E*a>£*l*P*ttl=fcl*T, ttE%¥*7- 

u5E«#3t3fe«x©fiaftffi*y i fe/h*t^seH 

«fc tf/*fc ttXAttAEH £ &< Sl*feflltta>flre%% 

[0013] 9*. flt«ft%iftxa>>t>{>tt# 

Jixx-r tz to ic git u >x £ m l> -s t & iz [tawtntm 

[ooi 4] ±Eaw*afiE-r*fc*)iz, 

R*«4EIK®aai=Hfe«*ftmSar*. *Jt*tt« 
*S^iS»MI=«Jj«$1*-5C:i:l=J:yflEJt^* : f-*aia 

^5J:5lc. fi!rEfiJffll3ti3*t/B!rEfg^*©3t»$*+l 
-FtLiHSL, SirEJfe^**-!*. HRm*+Lf=flE*i] 

lrttFE«#*a>*!|i-e*tfl!) J* jftifittflD*^** 

l=. l»E***?-*ail*fcf4S«tLfc*. MkLTl* 
<«#«*«JR©5%. «!E5ig^PfcJ:i;/*fcli3t 

[oo 1 5] ±Eew$iijSf -Sfeftic 
»*«5E«©fl^lc||^-53t4iH»^ai4. ^M<0lfi* 
«4E«<D*W«i««lcfcL^T. ltrEitAXHftJ:tf/ 

at ^ jRjR * -a- r Ait $ -a- ■& mizm L^fc iixm^e©^ □ a 
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So 

[0016] sefc. ±EaW£itJS:fs fettle *si© 

t-fSo 

[0017] [3fcft«tttti£1M ^HBJIzfclf 
*M»3fe*IMtLfci:*. ftW3fcfcliJltt<&&ft«*l:: 

LTii> ^©ft^rotroSteffi-rscbtf-c-^S. 

[00 1 8] *©«*JUM«M=»lf*«S&li. 
GaAs, GaAsP, SaAIAs, I nP, InS 
b * I n A s * PbTe, InGaAsP. Z n S e & 

£©<tft*i¥SH*:«>JWtA, HWE<b***ilW*©flW!ttT- 
£ K-^Lfc4I/\Dy>1b«! («jtl<*ft* 'J 

*7hU-yfX«8if>^»Lf=t.©, illfc±:©fi«ft 
I-ft>SK-^LfcCdS, CdSe. CdSeS, 
Cd S e T eJS<fc*©a K5 V J*il 7± <( K©*JS 
A. K5W*^3yt-f Kfflaft^S? h'J "V 

***m+^#*tLfctffl>, v'Ja>, y A, 
tu>. x;u;ufe £<D¥i9f*ilMiga5»BL *fSAMR. 

>h*7-f K 1S—*~J K N d : YAG, it77<f7, 
T i : t77-f7, Nd : Y L Fftif, £JS-<:*->£ K 

A) . SK-^Lfc-t 
-JWJT^J* (L i Nb03 ) . L i B3 05 . L i T 
a O3 . K T i O P O4 . KH2 PO4 . K N b O3 . 
BaB2 02 &£©3tK*1±«.A. *M-f*'> («iltf 

(DH^XUfOiSifiK "7 h'J v$X*m+l=fc*S»* 
*fcl*»«k Lfe *<D * S = t * -So 

[0 0 19] C;h.£>©4"-e*,, V h'J -V^X«f4*lCfe 
S.£*S£fcr4fl'ffcLfc&©tt. "7 h'J -y^yOmfc* 

T?fcSfctfK *fll8T-^l=»®l-ffl^SCtA<-e#i>. 
[0 0 2 0] *S6l8T?ffl^-5c:i:©T?^4fe*<0^tt:iW 
<h LTI±, G9x.li\ □— y 5 >B, n-y = >6G, X 
7P^rv>B/«fi:<D+-y->5 i >^fe^. 7*? 'J 
v>^-U>v, 7$ Uv>l/-y Kfci*©7? 'Ji?>&fe 



7<'J>mfem, 7$Pv7->$fef, 3, 3' - v 
if Jl^7±;Hl*->7->H — 5? h\ 3. 3' -/if 
m*v*^v7->a-y Kfc<t*©:>7'->fe 

if;^/Wtl/-^. t*^ h'J7 ■ ^vu-R^if 
ffih'J7'J -JU* * VSifeSRfc t* * S c i: 
A<T?£S. 

[002 1] *^BJj-C-l±, ^hbrofii^t. *fc 
[0022] *S6Bjj-effl^5,wi©T?^4-7 h'J-y^x 

*mi*. (i) *»wa>*«w*a-cfflLMa*i*3ta>a 

S^T-Sjfi^A<S^C<t. (2) *ftH-Cffll*&*l« 

(3) 3t**^i:LT©»«*SejeteA<« 
-DCi:A<-p#i)Ct, t^d^M^iS^rSiroT-fcft 
tfff S © * © * teffl r * c i: A<-e * S „ 
[0 0 2 3] *«g£©-7 h'J-y^X^mirLTIi, 01*. 

y><b*ro*ttA» tISIbtiofga. ft 
■ftjvay-j-'f h*©mi£A. v-y**^ 
x. jfc-^y-f K#7Xfc<i:©fi, ivbi4>svouyju5£-i? 

So 

[OO 2 4] *fc. ^«I(D7 h'J-v>X«$4i:LT 

So 

[0025] Ztlt><D-7 h'J-V^-V^.«*4*^fem*jS 

■So ett7 h'j ?*;m*»*#»©»»+^ 

y;uyju5£-c-«jS-rs*«^^ h 'J -v^^.«*4©Jl^ 
»'v6**»»*fcl«HlkaF-ttT*&-7 h'J 

^»BErs*5S, *wK5i^X7 h'j vt*Pin<»=zs 

"7 h'J -v^XW^^^fiE-rSTja. 

T h'J -v^x«i(s4$Sa©Jg«E*lrj§PLfcitj«^, •£ 

*fc*tf»Rr«tt©*«»««-*-7 h 'J -v->x«*4©ia5 

S?*^»©jSJW«f^3BTL, *CfcaiRSa359 Ltt«L 

*<T?^So ft* fc HJv* *tt*4©«*1±.3 J: Ifltol 
^5S^X*-rSCtT% ft*»^*3MR*#, ^Hnp 
*J X> rj#^<*j TEfifirPfri^S^^^t*^^ 
$■t^•Sci:A<^?^Sc:i:A<»lf>*l.rl^SA^ T'h'J-^^ 
Xtm*a>fiX#?£ -© J: 5 tf^mttffit, L < tt#ft 

[00 2 6] £fc, ctte>©7' h'J 
E©S^©«lti-¥-*«-»*-B-SI=l4^»l©*si*fflL^S 

©j§iS. *r=(4. -7 h'J '^x^ffliiiftroilSt^ 
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nn&mft+ZKnz -extern* j -v-zm&u^LW. 
coasts. ^a-ri>ci:r^ro0a^^. 

[0 0 2 7] *f§B;jTm^*t£*J£gti$§j£1& 

[0 0 2 8] [3fe^^] ^fgBJ-em^tL-S^ffl^- 

tt. =Sttt*L dU>X=K. IH]L>>X*U v-<^au> 
X71/-ftt, "7^ ^ □?■-*'>:}•- JUT U-f 

J: ifl»fl*4#fc»fliMfc©8JIi::fc £ 
[0 0 2 9] »ffitt<D5te^**£0!l*.tffe3ii: 

^U— Ka— hi*. □— ;U=J— Xfc">=J— h 
f-fvtf^a, x^u-jifcifro^x&T'^x-r 
SA\ fe&lMi. VBu AJK. HOu XfU- 

[0 0 3 0] 95511*, h'J 

[003 1] «*, HtttL ¥RfttfL E3 

i/>X7w«rojfe?if^ifit4^it 

7V*>3 > • -f >vx-57->3 > • =e— ;u Kji-C/dcIi-f 5 

[0 0 3 2] ^T-f/^^iflt «5ttf, ftB 
-f * > £ K— L feSS?*"^* LT 7 r -f /< 



if -eft 5ct*(f&s„ 
[0 0 3 3] ±SHcO t fc5lcLrf^fi£Lfc7r-1'/<-tt(» 

^ &&$Ltexmmte i » Liuraa l t * & »«■ 
l ffittic^. ^ -r x-r * c i ic j: y ^? ^7 □ ^ > 
*;ur u-r mot * ft J«f « - 1 1 x- * « c 

[0 0 3 4] Siaftlft&aft**?!*. S«±l= 
[0 0 3 5] JtW^Btf 

I*, «gw*fc«fctf«#3fc£*;K^4xittill$l^ fro, m 

* 4 * l/SJgO)3tEBS **J6*ttO)3«ft**^j^ t, 
§lffi-rctA<RT«6ICJ&:4. 
[0 0 3 6] |^B#lC, flJE*^*-T-*aifi*fcttfiatL 

Bfc*tf/*fcl*3llfiJll*Mn*5i< »ltfc««©*« 

** »« l -chs y m-r ct tz «fc y , ttttz $ -c^s 

[0 0 3 7] 

u^■cl^lB^■rs 0 

[ o o 3 8 ] CHiSJK^ 1 ] 0 1 l-l**3l!6}BS©3t*il 
«J$fc«ti;iESI±. Sli lc«)I^-r-5«fc5l-^3t^ ; f : 

-T) ^fflt^sli^lrt. jH£»aKa& (S^-a-r) . 
[0039] cc-c*. mm9t^m^aitm?ni&LTa>^ 

mX'ttf&i-$>ZktfX£Z>„ TUt>%. v7->6*(0 
3. 3' -/If mtv*U'y7Z>3-v K 
(Bffl*DODCI. I+vh>ttS) : 23. O m g 

y;u^2-t Kn4F->^Dtf;u : i 9 
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11. OmgS7th>: 200mll:ggL % n — ^ 
*if>: 3 0 0m I *^*aiftt*<&*n*T«fUiLfc 

fcft*fe*«*UV-0)»6»**1 0~5p aifciSOjg 

hk^t. i oo o c-e2Br B i*D^$«(t. j£&m«&m<n 

fc e :(D^2 0mg$X7^Kf7^ ( 2 5 mm x 7 
6mmxISl. 150mm) fc<fctfA/*— ±T^X (1 
8 mm x 1 8 mm x Jg£ 0 . 15 0 mm) 4)R5)[-&*K 

50 o ciz}ra&L. 2ftO)*7^fiJEtt4* 

& (Jlffl*^ h^UXS) £ffll^T;*9-< K*T9X/* 
/<— *5XBHcft»/#iJ^-©« (]§iJ55 0*/m) $ 
flsj*Lf=. fcfc\ fta^#U7-K4"(Dft*a*te* ft 

*/#y^-«*tta>»**i. oe^LTti-^-r^) 

2. 5x1 0-2 m o I / I Tr&£ 0 

[0040] ^(o&oizLxft&Ltzmmft^m+o) 

fttt&ft (6 3 3 nm) ^?38. 0%. «*3fea>a* 
(6 94nm) T90. 5%T?fcofc« 

[0041] si izmm*9i*'t**nm<oiiLtnmn 

14. MWJttoftmi* m^ft<D9tM2. hdz? — 

3, 4. ¥&&»5. 5fc;M^g6. 3l5fcU> 

xi. ia%¥»?8, g5tu>X9. asawsaa^ 

5fc«fciiSg1 1fc£tf2 2. fiWtvP 
L*¥«a<D?%* fr]$P3fe<7>pfc3S 1 . W*«)«I2, 

X9. fccfctf. a«a«aa^-r;u*-2oi*. ena> 

*««flcS*1?fe«. ftfc. N D?-<;i^ — 3. 

[0 0 4 2] ;*fc. fl*®ttjftXX<Dtt«tt&tftc|&f* 

[0043] *OT3fc<D5fc;]li 1 ICI4 L/— »f— 3*«*<»»lz 
*<0S§«»fta3«fctfUi*l4* *^B^CD3fe*J 

tt«flt*o)K*»ttic*i:Taaa«!**t«. i^-if- 

M©*ii:o^tl41»i:IMttft<, 
Mrctt«*.tf* rjuJwa-vu— tf- («ISB4 5 

7. 9&1>L5 14. 5 nm) . ^'J^A ■ 

If— (6 3 3 nm) ft U— if — . Jl/tf— if 

-^Nd : Y AG U— +f— ft if (D@<*U— if— . ftfft U 



-if-. 3HH*u— y-ttiftJMfcflWB-ricfctf'C? 
££ 0 m^*CD3ta52rzl4U-if-3fe35^«b(r>a t-L/ 
> h*f£ltTM4fc < ftz* t- U> h^^ftffi-r S C 1 1 
T*^^o *fc, U-if-gS. *fty-<^— h\ 

flLftlbLTJHlvctiAl*. 

[0 0 4 4] ^«Ma>5feM«^-e¥ijffldti«%JC«tt 
«*fr-fr*taffia?*u fflt^&*t*o wt. s^^^as 

2<hLT*S«:U-+f- («SSS6 9 4nm, 
ffiiU^3 3mW. t'-AB»«<DBftfi 8 mm0tf -JX f 
-A) . «H>X(DX91 tlt^U^A ■ tf 
— (^|M6 3 3 nm, t-AtS2mmO)^^X 

[0 0 4 5] ND7>fM- 3l4j&-rLti!&ST?l4*^ 

[0 0 4 6] v*-/*-4(4. Mffft^LTattMU 
-if-^ffll^/clf-&lc > ft\zBM%LZV:Z>tz 

■r«±-e!&aa)3SBfllfieSfliT-i4ftL^ *J£P 
2t<D%.m i Av^^Asea-r 4 u— if— -cfc y . -ea>/<ju 

aa«:*«-e*«>/^XRBIft*tfcU-1f-**« 
SE1 t LTffll^ig^l4. v-V •;/* — 4£Klttt< tt 

[0047] yw^-4*ftfflt5*^ *<Dm&.t 
LTI4ff*a>tO)*«ffl-r*C4:A<"C*. 05^14. 

(ao) *n»aif*. i/^^*-a*a>f«iafli*» 

X L T aB5^« LTttBtftCfctfttS. 

[0 0 4 8] *Si§^5i4. ca>mfe»nicd3i^r. * 

[0 0 4 9] *ttUS«1 1 fc<fcLf^2 2(4. *a§BJ(D3te ' 
fctf)lCffil>bn^o ftttUSSl 1 fc£r/2 2 0)^SI4€E 
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Tftffl-f &C<!:A<-C:^ Willi HiM+mfe'SV?* h 

[0 0 5 0] lWE3t«ffiSl 1 *5J:U:2 2(75g3tfg#l4 
t>0^3- ^1 0 0 ©ffe. AD^gSHt^^fo. 

[005 1] 5fc;1£«6l*. fltlffijt^m^+^efilLr 
3t»ii|itl3-ot^tffSlriS^^T-fei)„ 

[0052] m%isisX7\*. mmMs£if&m?L\z& 
r « few© t ro-e fe y , as* *« 

•*«©Stltl=*3Kftt««*»*fl>— 3t-fcS. 31*; 
u:/X<D*iflieM. mpbl Fffi. u>X«fi£, U>X 

[0053] z.<z>nmnmT'itmiMs>X7 tit> 

*4 0«, l££8BJl5mm, INlPgfeO. 6 5 0)gj»iffi 
[00 5 4] SjfeU^XSI*. «Uk3*l-CX¥* : F8'v 

3 1=. MrEft%u>X7a>nnft<fcy/h 

>X9tiT. «Atf, W20t. Bfinsao. 4 ron 
mttui/Xsm^fc. jg#u:>X7<z>gfjP8t 

«ft«>%*a>3*. ftJt£ii;fc,fcl//*fcli*;IiC&J££ 

■«sai<ft«tfcii«©jfejii«»3WLTJfcya-rct3ft<Rr 
*$<tt, ey 1 9*A*ifcy. **ai»i=**a>+ 

i|>»»ffl*A»S*TllllMI=ll!P«*/h*< LTtS 
[0 0 5 5] — 2 0I±. gl10)g 

[0056] aLAa>m*t*m*itbwm3bt*»mt* 



[0057] ■ia>tt>«jK-cJH^&4i«x<aKaui 

CML. -75. A#%0>Xft*J«<D%«Ah*a<aiB 
-f £ c £ wt* * £ «fe 5 «fjKfiS«ffiiS7 -r -r- fc*t 

<* # jix*ik $k i+t #5 * a * t jh * c t #-c * 

o 

[0 0 5 8] Kl±ro«fc5tC«fi£Mi^A^fiE-SElia)3t^ 

il«5l=J:or«-tlS*i*. 
[0 0 5 9] *aaflt5l=«fcoT#«£:Kfc*Hfll3fe©- 

\z3sl*Xftmm=F 8 ^CD3t tf-AfSSt&SI-fc If -5*1£ 

LT««R£f*J«LTfcl*li. 3fe«aiSl 1 ©«#3£K 
frf>. 8 f=A4t7 Stiff JMI 

t-S-tA<Bjtllc^^ 0 Cl(7>^!S»Slt?li. ND7<* 
*-3lcJ:oT, MHJtqt*^ 8 ^AifT 
•7 — JO. 5 mWft L» L 2 5 mW©Elfigiii Lfc. 
[0 0 6 0] *SiSa5T?«-fl| ■ S5t$*tfc*IJffl3tl*. 
3fe;1#S6fc«fcr/*3tU>X7 JiioT, %¥*?8f= 

jRm$*tTBgst$ti-g>. 8 saaLfen* 

mm?* )i>$— 2 oiccfco-cigBf^tt^o 

[0O6 1] #IS2fr&ai*t$*if=«-3-3te©#tf— A 

f **3iB**4i. S3tU>X7*g*LT. ^M*^ 
*^-8lCi0im ■ HUtd*u Sfe^^iiiflLfcJtttSJtUV 

xofc^i/Kss^Sia^-f ;u^-2 ojsiaufc^, 
&si=Ki:rBit&4i«tty i 9£&&Ltzik. tftmm 

i2 2lcrg3t$^-5o 
[0 0 6 2] 01 <D%¥SK£flHvC3ftttHipa>JER£1f 
L^, H3j3«tl/04|zgt-rj:a'S:3t3aJS^b*ajB9L 
fc, S3fcJ;^/E14IC*^L^T. 1 1 iiijteaisi 1© 
gjfcfM-SK 2 2 2fc<fcl/:2 2 3l43fe^ti}|§2 2(0g3fe<I 
■^T'fc^. 3tttaiS2 2©gjtlS*2 2 20>#f,;h.-&i§ 

$t 2 2 3a>f#&4i*«^roa^ii, WToay-c* 

[0 O 6 3] B1 ©»BiB«l=*5^TI*aa*^**8 
l=M«i3lfii:«*3llfci:*i|JUltLrA»**T^**«» HK^ 

8a)^jtU>X7lzi5L''RlT (3troAltfflO) 

t. StTE3t^^-$3liaLfcStrEli#3tO!>aSA<SE'>-r 
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3tU>X9lzj6^R(f OtecDfcUStffl) izm&i-Zt. M2 
ftiZmtt L fcffJfElt^ftCD^AM+CDlii® A<lt*?- 
i>^rS]a)3feEES : 2 2 3A<fi^$^l,i) 0 
[0 0 6 4] CCD i:£&«CDl*SffllCO 

-r a c t Kjga -r * t © i: ita $ h-s . 

[0 0 6 5] 01 CDjfcgagS^ffll^Tjfci&IWcDiliS^fT 
l\ m 3 fc <fctfH 4 ICTjr-f J: 5 fcftSJSSfbSfijffl Lfc 

[0066] ww%<j>%£-j±tm^%o>%\i- 

£Fc £*S*<fc 5 *;K* ; ;h.cD3fc3S^t>CDjteS&, 3fc;l 

2 OCD«fi&£jj5&L7-=„ -T^^*,, 3te3l2£;B*TLfc# 
jfe3Sl££*TU ->W$-4£gfj^Lfci8^l:: 

i±5teimsi 2 2 \z&&#± < ± c.&^ c t zmm Lfc„ 
[oo6 7] iRmt*-Ags'>es (susfc ) 

CD^M3fe^^-8±-CCD^S)l*. MS&^ifHFSS&i!) 

fEft)*., 3UcU>X7SSJ:tfgjfcu:> 
X9CDHH (d 78 +d89) £B£Lfe£$. ^S*^ 
^8i:J63feL/>X7(DffiBI$^b$-&, l^-cD5feKT?iR 

* $ *ifc«»* as <t i;<i^itcD^ £tia t ngft**?- 
[0068] *-fmtmikFc $mmft¥m*8 0mi/t 

W»ft<D«»1 1 1 Kft-f £ft-^#CDfSgjfcffi5 2 2 2£ 

03i=^r. 

[0 0 6 9] V-V-^-$'-4^gBi:fcttS-e*Jffll3tCD3t3i 

^m^f 8Mi#3te£!??iit-r ateiaiif 2 2com^ 

[00 7 0] #Mt2 ICftl^C — 4£6flttU 
ft*** 8 « 6P<D<I# it U T L % £> CD £ Wi - CDftSS 

U^;UAA^b L/^UB^SS'^Lfc. CCD^bCDft^B^ 
li2^7'f^D8>^^T*feofc„ 

[007 1 ] B$8Jt3 1= 33 1 vc — 4 £B| ft 
^^<OfijP5t^St5Jl:to*i:3t^tbS2 2CD{I#5£ 
JtteU^UBA^ U^I/A^giLfc, CCD^IbCDt&g 

ttmi* 3 v -r -7 □ 8>*^r- fe -o f=, 

[0 0 7 2] BS£l]t4 lCfc^r->W^-4^ISS(U, 
-DI^T*. B#gljt5 IZ&lsxmt&t. ft&aj&2 2CD<l 



[0 0 7 3] B#SUt6 lrfcLNT3fe;l2^;i«-r-5«t3ttt 
H1II2 2(D£B*IJfiTL. U^CvIofc. 
[0 0 7 4] -Olx-C, «TlB*k£Fc ^PMft^Jfl^-SCD 

CD. ftJiSPftCDjfcftM 1 1 l3*}-r&<t-5§-3feCDj£gifcff*2 2 
3$EI4|Z^-r < , 

[0 0 7 5] v*-v*-4£|^Cfc#!^$«ft<Dft3S 
1£jS*TU Xl^n. BfMt] l-fcl^-Cft3S2£j£:lTL 
ft*§?l^8^m#ft£raa*-f ftgtaiSI 2 2 CD1I# 
U'* C t. A ^ItJQ L- fc o 

[0O7 6] «F»Jt2 l=*3tvC*>* — 4£ggjfcU 
8 W ffttflPHK L T I* -5 CD i: ^-CDftSS 
^§iJt»ft£i]XJ*i • HMtt-«&%tttt»2 2<Dfg^3igli 
L/^;UAA^t, U^;UD^ltiPLfcc CCD^bCDJESBtral 

14 2 ^ -r $ o at-c $, o fc o 

[0077] B#SJt3 l=£kvcWy$ — 4£nC. * 
^jR^(D«»%IMt«jL«>«J:jtetttt«2 2CDft#5i 
gttU^UDA^C, u-<;uA^a«5Lfc= ^(D^bCDlBg 

B#iai43vY^o»5feas-ca&ofc. 

[0 0 7 8] ^Jt4 l-fct^T•'>•V•V^'— 4^B3StL. 
•DtN-C, K^]t5 l=fctN-C^i:-5)i:. 3t«fethl§2 2CD1I 

#§HS[I4 u^;u a ^ & L/^<;u d ^liAD L . *L^-e u^<;u 
A^a^Lfc. 

[0 0 7 9] ^Sljt6 l=^3t^T3^6al2^;H«■•r■5i:5t^ 
ail§2 2CDaj73l4«TL. U^UC-sMofc. 

[0 0 8 0] Majt^^-8-.. Mffil 

3fc£E3f:fcl4El4CD1 1 1 l-*-r<fe ; 5'5EjfiE}K-caS4x 
■S^StgCD^ra^^b^-^^T.rattLfctC?). Ig-^pfeCD 
5t3ig^ ; E-^-LTm-f-5t«iaill2 2(Dtb73jKffSI4El 
3 CD 2 2 2*fcl4B4CD2 2 3 J; "5 ©JffiljtCD 

3t3*gcDB#fai^bic«tSL.Tpnsfi<)i=^bufc„ -r^«ft3 

*». W3t<D3fe!iScDlii^^fcl4KSElc < fey<l-^3tcDS 

Pi) A<T-^Sw,S:A<StS$^f=o 
[o o 8 1 ] ^cfc\ SqgficD3tcDBTSII-^)S;-r-5<i-l-3tcD 

5t3££cD^bcD*igi4. ^rtecD^ajsf 2 2CDta?3U'< 
;ua. Bfc<fcc/c^ffl^r;j)jicsgstLi)fiiAT [*e 

AT' [JiM£%] 

[»1] 

AT =100 [ (A-B) / (A-C) ] 
[»2] 

AT' =1 OO [ (D-A) / (A-C) ] 

ic«fcor^MWizit«-r^c«tA<-e^-5. cc-e. Alt 

CD3fc8tii§f2 2<Dttt)ly^^. BiS&lfDltmmiikffl 

>\>. CI*m#3tCD3tiS2^«*TLfctt^CD*eiaill2 2 
COa373UK;uT'fc*. 
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[0 0 8 2] ±©0JI=*5lvc, tWftOTAat/*'?— £ 2 

[S]£0>E&g(D:*££ AT<Dg*fitli8 0%. ^lf<0<f 
Ii4 0%t&ofc. 

[0 0 8 3] ±fS<D<fe-5lz]R^t*-AgA<g'> 1 t'Ji:-S<4 
S m&Fc ) <tmSjt^^8<7)<4Sli^^^^*C 

[0 0 8 4] cro^atfjfejs^^ro^c-s^^ia^ 

□ss (*na£«^<Dig#i*o. es) *y4,*#fcHn 
8t (05*.tfO. 7 5) cotroic^ML. jte&ffiSS2 2<D 

SifiLf=jt^<D^r^s^u>X9-c?a3t ■ nx^^-a- 

TSiTl5?fe^g5i-flTSIl^lS<7>S3ta5 3 1 (=fr$l)iag4m 
m) -,AI*£-tt, {I#&*ISMfcBfi®<DA3£Jt#*P£;-|ilS 

Lfcc SI£tSS£08, 9. i oi-*1-„ :ct. jfcH 
S#:fr;1l5£&l*, ■ Sfcflftf-J^lz. g#ffl5 3l (=fr$!i 
fig 4 mm) IC*tL-Ci|®1 mmOfg— <7>X 'J (-3 2$ 

T£Xfrt,j&Y<D(S)#l^ (82 5 A<mO>Sg-fl>X'J 'V h 
3 3^-Sj$gT*^»$1i-T. 28t<BX'J l-A<ft-S 1 
mmx 2 5 ^m<OS^©S$ilaaLfc3tro3iS$, fT 

^<D^iS(4SI-«J$$-B-C3t5i)t^ail^-ri)l-l*, «*. 
l£, <v K3 3 0>f£»iIg|::[p)»i£ti-fcX hU 

-yf>PXa-7±l:, HUSEIS £&iSL L 

ro-c-fcy. $$& (3te-ABrSrta>i4S) ligisro^x 

[0 0 8 5] 0 8Ii, MS*^*^ 8 ASt-ti- 

[0 0 8 6] 0 9li N iR^t*— AgA<^'>t)S^fig 
(££Fc) 8 <Dft%U>X7f::ifil^j9r 

4ftfH=J3lvc. «»3l6SHB»Lfci#a)(i#*bf-A 



08<7>,fc9fc3te3£fi#*©3teil3feA^. f— A+ 
fc J: tf«ffl**»* 8 £ ft A roiaSH^lzflcS L -CM* 

Izftt&LT, <t-^3fe(D5iJSA<M'>-r-Slfi]^<D3tfDS2 2 

[00871 110I1 ««e-Afti<ld>i:<E4ttt 
(ft^Fc) £H&%¥*T8a>SeftU>Xg|=i&i*0r 
UfcdDHlltm l=tt£U «IW**IMtLfci:#Jlfrl+ 

gA<, Mffll3t*RgStL'S:tMi^ro+'OaJ»©3fe3Sa (0 
8) .fcyiKfco-Cl**. C0>i§£, «#3te-ABrffi 
a>+ibtt©3fcit«l±. «H»3t^SJ3«k^BIS3fe^ : F8 
*ftifttt«©IMII=tt#-r**«, M*ftffH14tlta>ft1& 

ictitf-s. itut, fixate— A»+«i>a5 

n ajes 2 2 3 £ * -ess y tt-r c t A<ai 

[0 0 8 8] KJLta>lts*fr€>. 4flffll3ta)BraizJ:«e# 
jferojtSia^ia (3feJtS) I*, fI#5fefc*-A (Aft) Bfi 

T. **W©±Bi:l*aSI=. S3feU>X9<Og3PS^m 

3feu>X7©Baaa«fcy t*#< l-c, «f«78«a 

L^, S/NtfcA<¥L<M<'Jj:or L*5 = 
[0 0 8 9] 'Jffc, 011, 12, 13 1*. m%ly>X 
7©BBP»^0. 6 5. SAU>X9(0g§PSt* O. 4 
lcLf=»^0)«#3fce— ABrffiOJtSS^-CfeS. 0 
1 ll*««%0*tfira%¥*?8l=A4tLfeJ|ft. 0 

1 2i*J0uiie-Aa*»**t<t*tt« (*Sf§Fc ) sffi 

^jfe^^8<7>m3tU>X7|ziSt>0r (*<0AStffl3) I- 
ISSLfcJS^. 01 3 ttJSXf— AgA<flkd? tt£& itm 

m&Fc) «ns«¥it?8(DSjifeu>X9i=i&i^ 

[0090] CHJSJBJS23 *SI?B(0Jt«qffl)3tafcJ:l/ 

Wftts «fc i;fltiiE«^3fe * item S-a-TBirffijt^*^^ 
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Eil^ftaftK^+L^IBg-fftlfai^, *0>tzlt> 

iz itmmn is * ifmmut $ hhm i-fsj-ftss-c-es * -a- 

4^iA<»SL^ fcfc. lfoE*Jffllft*5<fctf1foEfS#ft 

AlDip> £ftU>X 7 BS£a 2 ST-HX^t*: 
fc£:#<Dl££Fc iS^lcfcMf &ft&j£fc t t:tf;fca3 0(D 
^£H6lzj*-fo c:t\ MAM'^f- 

¥gojo f*&<D£-(**£*i«. 
[009 1 ] 

[&3] wo = A/ (tt • 0) 

StUJMftl T?/Bl^fcJISftU>X (lll^5m 
m. ISP&O. 6 5) -C'iKg6 3 3 nm, t*-AiIS 1 

mmroWfaftfcilxs&Lfcir^rot'-A^x;*. hO^gl* 

2. 0 2 Am. p]4ilCLT*S6 9 4 nm, tf— AiSg 
SmmOT^ftSJlXSiLfct^Wtf-A^x;*. hC0#g 
l*0. 32 7/im (ISlSSSffB*) iff*:**!.*. 
[0 0 9 2] B7l=^-r«fe5lC, «^ftfc«fctftf]ffllftA< 

rimwizpii-fts&j tfttci^Ttsroii^roj: 

1) w«*t«#ftfl!>3itii*<siM=wc*-3T» mm 

ft©ft*. 0JjUi»rHLo2 »Sr2 ) ©*l-if -5|-ft(D 
ft*. L+1. L01, *fcf*L-l (fir) ; 

2) 1Mfflft£«#ft©ftttA<SlM=JFfT-l?fcoT\ 
ft(Dft&. W^liBr®L02 (¥Sr2 ) 0)«t»l=tWP*fl> 
ft*. MX.OKVL+1. LOU £fcl*L- 1 (f§r| ; 

3) «»*t«#*a>*W3b«stM=Vfr (ftttWiroffi* 

1+1. 1-1, £7=1*1+1+1-1) ttot, ftlfJPftcDft 
»A<BrBL+i, Loi. *f=l4L-i«)^-r*iAv <g#ft<& 

*»t«flBL+1. L01. *fcl*L-1<Dlvf:h.j!M?fci>ii 
ft. 

[0 0 9 3] S105T- -«i LT. StUfiJBSSl 
ro2£BI-fcl>-C. *3fel/>X7tLt, (HPi&O. 6 5 

roKSa&fflttt&iu^xsmv gftu>X9<tL-c. bh 
p»o. 4©aa»fflu>x$ffliv iamt*-AgA<g 

'>ifc-Sfcfi (ttA) SMMft^lS^-8ro*ftu>X7 
l=ifil*Br (ftOAStfiJ) l-H£L, ltirEft^i?HF-£3ifi 
Lfc«rffi«^ftA<«'>-ri>*|Sl©ftt6S2 2 2ft<WR3 
;fx-5&#T. m#ft<Dft*£Br®L02 (118 mm) ic 
@£L. BrffiL+1. LOU *fcl*L-1 (Iglmm) <D 
WW*©** (ft**) 6**B©E1 I +1*7=1* I -It 
LtO. 9SUL1. 2mm¥trf£I!lLt::ilft<D. {!•§■ 
ft • ft/£g<E*#£AT©^b£^Lfct,0>-C*fc-g><, 11 
■^ftfc <fc tffrJiSpftOTfttiA^ftlc-St L Tl^ £l§ft0>ft 
SBSA<**-efc-5A<. %MM0>Eltt I +i$fcl4 I -1A<± 
0. 6mmgSftltt. ft0Sg<D*£$ATI+.7*V 

[0 0 9 4] JR**4lfc«**feJ:tf«l«l* 



-A-^xx h) 4<«rE3)fe^*^-4»«=fcL^-CSlM=«itey 
ft 5 * o l=ttE1M»llfcfc J: *rE«#*a>**tf 

tfct?*.. mE<W(SPfti3«fctfli&E<S#fta>ftliA< 

fflwftts&xfm&m^ftaiti&tfmntoizm-ntz. 

ft#* £ fcft btiSCitfSofc. 
[0 0 9 5] 



[11] 



ftflffiBfc (633nm) (D 

wfmmm \ /mm 


(6 9 4nm) Q> 
ftlSSAT/% 


-0, 9 


68 


-0. 6 


8 2 


-0. 3 


8 4 


0. 0 


8 8 


+ 0. 3 


8 4 


+ 0. 6 


8 1 


+ 0. 9 


6 7 


+ 1. 2 


32 



C*ffiPS3 3 y7->6St LtDODC I Ortt? y 
|Z, 1.1' -i?X^;U-2. 2' -2UUtKvT->3 
— ^ h* (T^U K»J -V^ttffi!) $fflL^=ifeli^JS»Sl != 
E«0)^5ii:^<D^llllzJ:oT. RaX¥X?8t# 

fiELfc. z\<Dm<Dmmm\tmwit<»xt.& (6 3 3 nm) 

"CO. 18%, ItJfefflSi (6 9 4nm) t8 8. 5 
[0 0 9 6] C(D^Mft^^^HJSm®1 ©Jiftirfsl 

«fcftnwss (@d i=»y#it, $ij®ftfc«fci/ii# 

ft<Di|Jimt:-AgA<fH>.fcfc£><iS (SuSFc ) i«S 

K¥m?8(Diii.wm%z£x.tetft>s fflwatmrnmizK 

(SLfc. •ti^ftroftI5S(7)(fi|#fc < i:U:^#$^lS'<fcc 
fc7=L. ljfeU>X7 <t LTfS^2 0{g. 1D§I0. 4 
0>^$[2£fflL':>X£. SftU>X9i: Ltfg$1 Ofg. 

7fc,fct/gftU>X9rorBll^ (d78+d89) zm&Ltz 
SISft^m^-8i:«ftU>X7roffi^^S{b* 

•a-. ^-ajft*T-njim$*i.fcsijm)ftfc<ki/it^ftw«^ 
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[0 0 9 7] ftmftOXm'Sr?— 1 3mWC0£:^ 
&S£g tf3£'J>-f -5 IS] # CDE&gCD;*: # $ A T CO^fitl* 9 

cF A T ' <7)g^{iil±4 8%T*fcofc„ 
[0 0 9 8] C3Sffi«*®4] 01 4ICI±*SIJgff$^<753 l 6 

Icffll^Cttf-C-^-S,, 
[0099] #311 fc«fcI/2, ND7^^5-3 t 

•y^-4. 3t«msi usj:tf2 2, mmnt¥m*s % 

•&&mftz> 4 — 2 o, fc'WtvP^a-^ioo 
IcoivciiStJfiJ&IBl (11) <hP1«*a>*,(0£|53«lzL 

[oi oo] 01 4\zffi-? < k5ti;&fcx*?'< 5 n<< v<? 

5^-2 1 Zm^Z^tX-. %H®yt$:ft$lLX. 

sss^^msi 1 -c*=.*— -ratrawi::. um^tt 

<I#5t<©jtK$S*3^-B--5C<!:A«T?#. 0 1 ©SBt- 
i&gft*;E^3S6£«B§?-6c:i:j!><T-#.&. f=fc*U 0 

7©iHSi3fc^Ti*, y-r^a-r 5^— 2 i OTSfcg 

SWi Lffljap&fc'lf £&ia£-fe*--5 «fc 3 ft «SS«Safi7 -r 
;u$-1 0£3fc8fcbS§1 1 OffFKISIt A<»£L 
I*. £fc, <I#3tfc<fci;/*fcl±*iJ^jfeA<3t3i1 fc*^ 

^giasECT. 3fc7-f VU— $ — 1 3fc<fctf1 4J, -t 
^^4x3t3S 1 fc«fci;2ro«JI-lgl+TtStN 0 
[O 1 0 1 ] j^£-gt£ttfc<i#3fcfcJ:i;$<J$l3te£- 

stir, jg3tu>X7fc,fet/S3feu->X9©«yic, 

01 4<0«J;-5ftEai-*5t'>-ClHia®l Sfcjztfl 6jffl 
tfftL''. 

[0 10 2] 01 4lzm*?Z>£ o ft\ *3£B.B<D3fc#Ji8l 
»LTt-N<fl#5tit^m©5*.. 8iFf5S£J££il3fcJ:l// 

»»SLT«iyai-ri=i*, *ro«fc5ft^j£$siffl-r-5c.i: 
[0103] (i ) ft«aj3f2 2a>^mic^y i 
[0104] (2) mmmnvnmmi somnftjzvi, 
[0105] o) mmmtowmmi snman^y t 

S2 2©^fiizsy 1 9 



[0 1 0 6] 01 4IZ«j^-r4«fc5ft. ^SPJlOTftW 

^aicfc^T^ro^gflusM^iijtasi fc=ti/2. y 

5^-2 k jSSjSS?Sja7-i-;u^-2 

o. wwmi 5. 1 njufmm^m^ax-^o 
ftfc\ 01 4izfcif-5)$'-i'£D'f ^5^— 2 irony 

[0 1 07] *f£B^<753feflHai^;4^01 4 Izijt-r J: 5 ft 

t«#3t (*3S2) ©jfcS&tf-fftU &iIO>£u£Fc 
(bf-A^xxh) (iaic^m^SA^iHaS+tS^d 

izxt&miRmmy * ju$-i o*jj:r/2 ooaei^^ei 

-f-5fctf>. 3t3Sl i:2^3ESI-^!tTL. 5te3S 1 <D<*-JSfl• 
( -> -V $ - 4 Lfci:#3fc&tbi§2 2lc/£g*<ft 
fc«tl/3fe3S2ro^*^*TLfc«t#3t«iajll1 1 
l-j£SA<ft C i: £5f S Lfc„ 

[0108] KIT, Ute^sli a>JS^i:ra«i-Lr. fr 

[0 1 09] 

[siB^rosdSi ui±.. mmizmwLtz&5iz, 

i?tfflW?j}}itS&tfi/Lftm&S.\z&Hl3:. mm*. *ra^ 
miz&Zis—tf-ft&MWfttLX. iE#*Mtttttl::& 

^BIc.feoT. t^lHlffifti:$-«lfflL^Cti&:<, gg 
ffl±3S»ftl5^glcfct>TllSpISIl;ft« <> 
[0t5<DfS*ftiftBjn 

[01] *maznm-?z>i&\zm^i=*i*>%i&mtfLZ 
mmLtzmmmm i ro«jS0T-fe-5 o 
[0 2 ] HJgjBS i ro^^m^rosia^^.^-? h 

[0 3] *H»3tfcJ:i;<i#3tC73^gB#ra^bS^^ 
Lfc0T?feSo 

[04] m®&t$&vm^%<D&&&mm&it£wm 
Lfc0-r?fe-5o 

[0 5] ^t^g^fl^^|ll^l-fflL^fcxy v htifta-A 
<t(7)B8«^^-r0-CS)-5„ 

[06] ^StUVXftifT'UX^S+tfc^^Xf-Aro 

m &&mz i+ ^, m=f- & m l fc«*0 x- & ^> . 
Ba^^^Lfc0-efc^„ 

[08] <t^3fc<De-A»®<D3fe3iS*Hi££Lf=0 

[09] «^5ta>e-ABf®(7)3t5ig^^aLfc0 

[010] fl^ifc© t*-AW®OTpfc3£g#?»i££Lfc 
0-Cfc^. 

[011] <1^3feCDt*-ABiSC7)3t?iS^?Ji$aLfc 
0-Cfc5„ 
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[112] m^%o>ti-Amw<Dift&mftifi£&Ltz 
[1113] <i#*a>t*-ABiao3fe?sg»?i)^aLfc 

1 MWfttoikm. 2 m-^3t(D3t3S, 3 ND^-CJU 
$-.4 v 5 6 *;1£§g, 

7 jgftUVTT. 8 iI3fe¥S^. 9 gftL^X. 

1 o «6iI$?3jS7-r;u*- (fl^gBrffl) , i 1 
5fc&iiilS, 1 3 %7<< VI/-*- (SHUSPiteffl) , 1 

4 Jt7-fVl/-$- (<!##«) . 1 5 DflSffi, 1 

6 Qa®&. 19 jsy, 20 jsg^«ffiia^-f 

- (fMWJteSBiffl) . 2 1 V-KVu-i 5^-, 2 

2 jfc&tiSg «l-^3tefl>?t^@[«lttiffl) , 3 0 

3 1 %&&K*>m'Z.mO%ibU (tMg4mm) , 
3 2 m-<0*'J-yh ((SI mm) % 3 3 B— 0>*. 'J 
•V h (*s2 5 J/m) , 1 0 O tvDX3-?, 1 1 1 

3fc8iiiS§i iA^rom# (©JiiPjfca>3fe3iJgB#RS]£-(bffi 
(m^3fea>ifc$ijgB#ra£<ti&iio . a smaiitsigBiL 



<<;U. Dft&Fc tfKS*^**- 8 OfMfeU >*«!::«: 

»**SMtLfc»*<Wfcttffi»2 2CDta*U'<^ d78 
*ftU>X7£K£3fc¥*?-8<DEtt. dg9 BiSljfc^ 
^8 tS3feU>X9©ffi8l, Fc ft£U LOU 

fr»»ffiJit, rim#*£fcl±ft]f&Pft<7>5fct--AIJraL 
OU L + l*fcliL-i^#S> r2 fi#jfe*fcl**lJ^3l£ 
<D3tt*-ABi®L02ro*g, ti {f^-5feO)3t3S^^fl- 
LfeffftU t 2 •«»***■! L-CL*fc->*-y*-*JB 
fltL-fcatSJ, t3 #Jf»3fc£i>^'V$-T*#itfSglSTLfc 

ts «»**^w*--cwi;aKLfcB»«i. t 

6 «#3te<D3te35£;H*TLfcB#8k 0 ||3tU>XT*iR 

UVXT-ilR^J-ttfc^Xt*— A<Dtf— A9i^ h (HR 
£<a§l-fcl+St:-A¥g) . 
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[113] 



[14] 
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_n_n_ 

-LTLT 



■vlOO 



m&Bl ¥J$8#9fl 1 1 B 

[*tjE****a«] siif 

[*iIE*fiuS@*] IS#JS3 

t^Sffiffl (.man) v&y £-tzt iz±^>x. 



[#f£ff iE 2 ] 

[*SiE«^a*] 008 6 

[0 0 8 6] g]9fi. l|!!lt*-Ag^f'>i!SSei 
(m*Fc ) ^Sjfe^ : F8a)*jtU>X7lrj6L^ 
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[SffiB] ¥fi£8*P9£ 1 2B 
[¥*S*SiE 1 ] 
[f£iE*fft*&S] B^ijiffl* 
[fciiEtt^JlSS] 00 0 8 

MUM*] 

[0 0 0 8] *UJBiAI4, ±1B{£X&ffia>*-r«BBH£ 

2 56 iaf) fc.fci/^issttw^izBi-r^^i* mm 

¥7-5 8 4 1 3 J;, 7-584 1 4j|) £UiSBLfc. 
mftttJE2] 
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